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DIMENSIONAL ANALYSIS OF HELICAL COMPRESSION SPRINGS 


THESE FLUIDS FOR 500 F AND ABOVE .. . page 45 
WHY NOT AC SWITCHES FOR AC CIRCUITS? . . . page 39 


for accurate, dependable, 
infinitely variable 
speed control, specify... 


CLEVELAND SPEED VARIATOR 


Cleveland Speed Variators are simple in operation... 
built for long life. Eighteen models—including a new 
motorized unit—range from fractional to 16 hp at 1750 
input RPM. They all accurately provide dependable, 
infinitely variable speed control over a full 9:1 range— 
from 4 to 3 times input speed. Instant smooth change 
of output speed can be adjusted by either manual, auto- 
matic or remote control. Precise adjustments are always 
made with accurate adherence to settings. 


Exclusive Variator advantages: 


@An extremely compact unit with input and output shafts in 
line and rotating in the same direction 

e Almost any input speed up to 1800 RPM can be used —either 
clockwise or counterclockwise rotation 

e@ Rated for constant horsepower output over a 9:1 or 6:1 range; 
or for constant output torque over a 6:1 range 

eSpeeds infinitely variable over entire range of adjustment 

e No slippage— positive torque response mechanism adjusts in 
direct proportion to the loads encountered 

e Long life and minimum maintenance due to absence of belts 
or complicated linkages 


eAmple bearing support for overhung pulleys on both input 
and output shafts 


Write today for free Bulletins and Data Sheets shown 
at left. They contain detailed description, photographs, 
sectional drawings, rating tables and specifications for 
the versatile Variator. 


Cleveland Worm & Gear Division 


Eaton Manufacturing Company 
3279 East 80th Street * Cleveland 4, Ohio 
® 


Power is transmitted from in 
put shaft to output shaft 
rotating in the same direction 
through alloy steel driving 
balls which are in pressure 
contact with the drive discs 
Relative shaft speeds are ad 
justed by changing position of 
axles on which the balls rotate 
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FEATURED: 


WHY NOT AC SWITCHES FOR AC CIRCUITS . . . R Munroe 


Not only specific, they’re smaller, quieter, longer lasting 


VISUAL STRAIN GAGE DOES WORK OF THREE... Dr F Zandman 


Separates and measures principal strains; gives direct readout. 


THESE FLUIDS FOR 500 F AND ABOVE ... . A R Gardner 


Some are already at work, some are coming—what they offer. 


TOLERANCES OF HELICAL COMPRESSION SPRINGS N Miller 


Equations show how to specify your own requirements. 


7 MORE HANDLES FOR PRINTED CIRCUITS . . . | N Schuster 
Completes roundup of handling methods in Oct 10 issue 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Navy developing controlled-radiation paints. 
New source for up-and-coming metal 
Corrosion resistance of tantalum likened to glass 


Overspeed control for machines uses frangible element 
Two-way freeze valve handles liquid metals and gases 
Bellows-operated “shutter” solves heat-disposal problems 
Heavy-duty transmission has six speeds. 


Miget motor designed for instrument use 
Chemical-energy storage to replace batteries?. . 

More pneumatics to replace electronics and hydraulics. 
Path to electrothermal cooling gets warmer. 
Piezoelectric ignition to spark small engines. 


Plunger plus diaphragm—pumps oil to pump problem fluids. 
Transistorized tuning fork runs wristwatch 


Engineer-recruitment costs too high, Congress feels. 

Czechs upgrading Brno Fair to rival Hannover. 

What Nixon and Kennedy want in science and engineering 
Direct-writing photo paper—speeds to 40,000 in./sec 
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take advant ive 
PROTOTYPES 


to get high-quality 


x Designers can now 
Minnesota Rubber’s new 
KOTOKAST 


rubber parts for testing 


economica 


e intricacy or the ae 
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id : of a design with the money ed 
ou can be absolute 
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know you will get prototype parts 
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from the time the order is received to produce either lagination run free ar 


twelve prototype parts using PROTOTYPES by 
KOTOKAST more flexibility in your test 


that meet p 


It gives duction standards 


WHETHER YOU ARE DESIGNING A NEW HYDRAULIC SEAL, THE RUBBER COMPONENTS FOR 
A NEW AIRCRAFT OR THE NEXT MOONSHOT BE SURE YOU USE PROTOTYPES by KOTOKAST 
TO CHECK OUT YOUR DESIGN. 


FOR MORE INFORMATION ON 
PROTOTYPES BY KOTOKAST.... 
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NEXT WEEK IN PRODUCT ENGINEERING 


Digital Readouts—a Special Report 


The basic types; how they work; how to make the right choice—with a selection 


chart to weed out the unsuitable types 


Allowable Stresses in Flash-welded Joints 


Formulas correlate fatigue data with magnetic inspection 


How to Draw Centerless Arcs 


Two methods for laying out large curves when the centers are inaccessible and 
the use of trammels impractical 


Effect of Cutouts on Machine-tool Pedestals 


Test results appraise 38 variations on a design theme 
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This Success ts 


No Secret... 


The Dillon Mechanical 
Force Gauge is used for pre- 
cision measurement of pres- 
sure, tensile or torque. For 
ease in applying load to ten- 
sile models, Unibal rod end 
bearings are attached to each 
leg of the alloy steel bar. If an 
oscillating, push-pull motion 
must be measured, both the 
compressive load and the 
tensile load are applied 
through Unibal rod ends. 


In this case, an instrument 
calibrated 180 degrees in 
compression (reading clock- 
wise), and 180 degrees in 
tensile (reading counter- 
clockwise) is required. 


Here is a true success story: 
of a device, built with watch- 
maker’s precision, which is 
designed to check all such 
loads, even in limited space. 


~Ss & SS SSSSSS 


WUQQREUUARELAN 


= 


| 


Heim Unibal Male Rod End 











It is no secret 
that the 


HEIM Wacbat © 


SPHERICAL BEARING 
ROD END 


contributes to the successful op- 
eration of the Dillon Force 
Gauge. Two Unibal male- 
threaded rod ends are attached 
to the pressure bar. Calibra- 
tion in both tensile and com- 
pression is conducted against 
a pin placed through the Uni- 
bal, or eye, of the rod end. 


Heim Unibal corrects misalignment in every direction, reduces friction, 


carries maximum loads, saves time and money in assembly 


All Heim bearings are available through the leading bearing distributors in the U. S. 
and Canada. Send for complete catalog with distributors’ names and locations 


THE HEIM COMPANY 


FaAitiR‘Ftieétt oD 
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DEVELOPMENTS TO WATCH... 


Midget motor designed for instrument use 
\ +] tor 1] | 


paints 


N 


Cast iron approved for hydraulic equipment 
Ductile iron scores again by getting the 
1 hydraulic pumps and motors. Previoush 
1 new regulation, grey iron will be acceptable too 


f Federal Specification OO 1-652a, Class 40 


Overspeed control for machines uses frangible element 
A nonelectrical 


device that ope 


" “s 





whi lig 


} 
1 nousing 
du t l 

Basicall 

dAS1CAlT 


with a tu 


ion lll 
urbDine ippucaniion 
1 . , 
» that there would b l t, but on 


Dlade 


uuld immedia 


»and rupture 











directly 
endently 
ndard plug 


Ke contact wit 


PRODUCT ENGINEERING - OCTOBER 24, 1960 





Maxitora 


electric clutches and brakes 
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Again a famous machine tool builder favors 
today's outstanding electric clutches and brakes 


Previously, Pratt & Whitney incorporated MAXITORQ Clutches in their high-precision jig borers. Proved 
performance led their engineers to test and accept the new 9000 series MAXITORQ Electric Clutches 
for their latest development ...the fully automatic, numerically controlled, ultra-precision Vertical 

Hole Grinder and Electrolimit Jig Borers. Inset photograph above shows the compact and “clean” 
installation of two of these clutches in the carriage control drive gear box. 


Incorporating new and advanced design principles, the 9000 Series MAXITORQ Electric Clutch is 
well adapted to machine tool drives. It is simple in design ... built to machine tool standards... 
requires no adjustments. It can be used either as a clutch or brake. Disc separators not only separate 

discs but also break up residual magnetism, and result in extremely fast, positive action with no 
drag or heating in neutral. Design principles have been PROVED through years of service. There 
are few moving parts. Electrical operating unit remains stationary—hence, there are no trouble- 
some slip rings or brushes; no difficult wiring problems. Clutches operate on standard 110 V a.c. 
converted to 90 V d.c. Other voltages on special order. 


If you have a clutch or brake application where you are looking for NEW and IMPROVED 
performance, we invite you to bring the problem to us. 


Phone, wire or write Dept. PE-12 for new +9000 Series bulletin 


ects 





The Carlyle Johnson Machine Company, Manchester, Conn. 
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Two-way freeze valve handles liquid metals and. gases 


To control the flow of molten metals and gases, two AEC enginee1 
ingenious system that is valved by a plug of the ] 


t i’ 


have designed an 


metal itself Among its advantages 


} ad 


elimination of corrosion that may be encountered when other metals 


ire used for 
valving; a system leaktight both to the metal, and gases used for propelling it 


No moving parts are involved. The system simply sets up, on the pipeline, a heating 
] loving pal | | ply 


area to liquify the metal, a cooling area to freeze the plug, and a system for removing 
entrained liquid or vapors to ensure that enough liquid will be available in the hot zon 
to form a tight seal when the material reaches the cooler. 

The valve is U-shape, with base of the U serving as the hot~ ind the leg 
is the de-entrainment zones 

A cylindrical, double-walled casing forms 


liquid. The cooler is installed at one 
| 


base of the U provid 1 wall for the 
end of the casing 0, 1S double-wailed 
unit, through which cooling air or water flows 
rhe legs of the U contain a pair of bubble chambers and 
the base section. Resistance heaters are provided to keep the metal liquid 
To start the flow, the bubble chamber is heated and the metal moves through 
the heated valvi1 


connect t 


ig section. To stop it, the heaters are simply turned off 


When the unit is used to handle a gas, the metal that serve 1 plug imply melted 


way and removed by a bypass, being fed back through the 
valve is to be closed 
I'he system can |] vs AEC. for almost any met 
Che devi level ped for handling 


patented and is available for royalty-free, nonexclusir 


when the 


Chemical-energy storage to replace batteries? 
Thermochemical energy-storage systems are receiving 
it Allison Div of GM. These systems store energy by mel 
a high latent heat of fusion. During periods of sunshine upply), the compound 
absorbs energy and melts. When heat is removed (that i 


ravs do not 
strike the collector the 


compound “‘freezes’’ and liberat 
form of heat. The idea is by no means new. Such 
solar-heated houses. But Allison bel 


engineering applic itions. 


lieve they 


A thermochemical sys 
ichieve a storage ¢ ipacity 
with a mercury vapor turbin 
small compared to the 3 
ompares favorably witl 
+0 watt hr lb 


ntual 


New source for an up-and-coming metal 
Rubidium, th unknown” alkal tal 


iikahli mm 

heat « ne ion propulsi yn PI 
R b 1 primary supplier 

primal Ippiie 
yidium a low-cost material. But MSA’ 
into th ime range ermanium and 
found ical commercial application: The 
developed at National Bureau of Standards 


Varian Associa ; unit takes 


l now 
idvantage of 


predictability of the oscillations of rubidium atoms to measur 


magnetic fields. 

rds (“‘atomic clocks’) that take advantage of the same chara 
Work on rubidium 

MSA and Aerojet-General; and new alloy systems, such e low 
] 


ind-sodium itecti 


Now under development by Varian are new rubidium frequency stand 


as a boiler fluid is underway at nies, including 
melting rubidmn 


yn —ARG 
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WHAT'S HAPPENING IN RESEARCH... 


Bellows-operated “shutter” 
solves heat-disposal problem 
In designing equipment for outer 
faced in 
Con 
only method 


space a special problem is 
disposing of heat in a vacuum 
The 
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More pneumatics to replace 
electronics and hydraulics 
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“Buying at Philadelphia Gear, | get 
the benefit of this simple formula...” 


[LONGER LIFE 
IMPROVED GEARS=| 405° powen 


Available as ‘IN-LINE Reducer (left), or as a 
GearMotoR with flange mounted motor (above) 
or foot mounted motor (below) 


The gearing in these drives is case hardened and precision ground, an advanced develop- 
ment that out-dates conventional standards and ratings. You get commercial drives 
with gearing of master gear quality at a cost no greater than conventional drives now 
in use. They are available in standard sizes to 200 H.P. 


LONGER LIFE MORE POWER SPACE AND WEIGHT SAVINGS 
Extreme accuracy of tooth profiles, pro Harder materials, plus reduced load Reduced 


oad factors also mea 
file spacing and surface furnish elimi | factors means the reducer can transmit 


space ind weight without acrifi 
nates ‘“running-in' wear | more power, operate at higher speeds performance characterist 


REDUCED VIBRATION REDUCED SOUND LEVELS FOR MORE INFORMATION 


Reduced tooth to tooth errors, accum For a lications where low sound lev Send for our new Catalog 
Pp 


ated pitch errors and total composite els are important, gear noise is no R-60 (IN-LINE Reducer 
errors give smoother contact. | longer a controlling factor GM-60 (GearMotoRs 


philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


King of Prussia (Suburban Philadelphia), Pennsylvania 
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REVERE COLOR CLAD ALUMINUM SHEET 


Helps you design better Revere Enameled Color Clad Alumin 


rust and is light in weight for easy handling 
at lower cost in widths from 4" to 42 006 to .05¢ 
This new Revere Product can do away with all finishing costs For colors that last see Revere first 
and problems can give your product a better, more : are es: 
GET IN TOUCH WITH THE NEAREST REVER 
lasting finish plus added sales appeal. It can be drawn, OR SEND FOR COLORFUL BROCHURE ANI 
formed, bent or stamped without cracking, chipping or peeling 
Revere Enameled Color Clad Aluminum Sheet offers a REVERE 
choice of full, deep rich tones, light pastels, three-dimensional : 
embossed plastisols, brilliant metallics and striking flam- COPPER AND BRASS INCORPORATED 
boyants, as well as standard patterns that authentically o ) Founded by Paul Revere m 18 
simulate wood grains, fabric and leather. We will meet your Executive Offices: 230 Park Ave. N. ¥ N.Y 


specifications; or recommend finish best suited for your job. Sales Offices in Principal Cities 
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FROM WASHINGTON... 


Congress frowns on high recruiting costs 


\ House subcommittee on manpower utilization has taken a look at the cost of 
recruiting engineers and found that firms depending heavily on government 
contracts are spending too much. 

For its survey, the House obtained data from 102 companies having defense 
contracts in 1959. Of these, 76 did more than 50% of their business with the govern- 
ment. Their recruiting costs averaged $1022 for each new engineer or scientist 
hired. The 26 remaining firms, whose business was over half commercial, averaged 
$751 for each engineer hired. 

Four firms, three of them predominantly government contractors, spent more 
than $2000 for each individual hired. Eleven of the firms spent between $1500 
and $2000 per recruit. All but one of the latter companies was government-oriented 

In its study, the subcommittee also eyed turnover of engineers on defense con 
tracts. It found that turnover for government contractors was about in line with 

ommercial firms except for companies doing business with the Army Army 
contractors lost about 22% of their engineering employes in 1959, against 14% for 
firms doing mostly commercial work. 

In a statement following release of the report, James C. Davis, chairman of 
the subcommittee, called upon the Defense Department to give greater attention 
to recruiting costs when negotiating contracts. He also said that effort should 
be made to reduce turnover in a few firms showing excessively high rates. Such 


turnover, Davis noted, adds considerably to the cost of recruiting 


$23 million for space platform is only the beginning 


he first design and development contract has been awarded for an orbiting space 
platform. Grumman Aircraft Engineering Corp was selected over 11 other com- 
panies to develop a 14-ton orbiting astronomical observatory, with the first flight 
model to be delivered in 24 years. 
Grumman’s proposal calls for building two 8-sided satell 
1000 Ib of instrumet 


23-million Grumman contract marks the beginning of a 


64 ft dia. Each will weigh 3200 Ib including 


the next few years for the so-called “exotic” equipment destin¢ 


j 
Included are additional space laboratories, and mobile “trucks” 
to be landed on the moon—for exploring 50-mile areas under remote control, 


and the like 


Ground equipment becomes key to satellite success 


uind equipmer 
ym the ite] 


One example is the Navy’s satellite navigation system due to be in service by 


1!) 


1962. This will consist of four satellites in equatorial-stationary orbits. They wil 


300 mi high, matching the earth’s rotation with their speed so that they, 
‘ one 


main in one position over the earth’s surface Che satellite 


ntinuous signals allowing ships or submarines anywhere in the 


rl . 
vorld to obtain positions every 14 hr with 4-mile accuracy 


Some 1000 Navy vessels that fall in the major ship category will have to be 


outfitted with special receiving equipment to use the system. ‘The system also 
ill be made available to all commercial ships. There are perhaps 1000 ships in 
worldwide merchant marine fleet that potentially will need receiving equipment. 
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Blaw-Knox Steel Foundries have the heat treating 
capacity to handle the largest casting 


Your steel casting gets precisely the 


characteristics of uniform hardness, 
toughness, or temper you specify in 
a Blaw-Knox Steel Foundry. Blaw- 
Knox Steel Foundries are equipped 
with huge pit-type furnaces—some 
20 feet 13 feet 
deep, and banks of car type furnaces 


as large as 42 feet 


to accommodate the largest steel 
casting or batches of smaller ones. 

Quench tanks as large as 21 feet 

12 feet and 8 feet deep are avail- 
able, and all Blaw-Knox Steel 
Foundries are equipped for spray 
quenching in which specific areas of 
steel castings are given special 
quenching. Further flame harden- 
ing or other hardening procedures 
are provided to meet your exact 
requirements. 

Complete heat treating, quench- 


ing, and hardening is another way 
in which Blaw-Knox Steel Casting 
Service adds value to your product 
Blaw-Knox, as one of the world’s 
leading rolling mill and industrial 
machinery builders, keeps a sharp 
eye on the end-use requirements of 
a casting from start to finish. It’s 
your assurance of a component ol 
the highest quality, made for max 
imum service. 

If you design or build products 
using cast steel components, ranging 
from 50 pounds to 300,000 pounds, 
Blaw-Knox would like you to have 
a copy of our brochure detailing 
Blaw-Knox Steel Castings Service. 
Write to the Foundry and Mill 
Machinery Division, 300 Sixth 
Avenue, Pittsburgh 22, Pennsyl- 
vania. No obligation of course. 


This main axie casting for the 60-cubik 
yard Mountaineer Shovel was cast in a 
Biaw-Knox Steel Foundry. Wt 18,000 Ibs 


BLAW-KNOX 


Stee/ Castings 
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You 
Fill Out 
The Tag.. 


You can choose your own perform- 
ance features when you order a Fenwal 
536 Temperature Controller. And get 
them in a compact, low-cost, transistor- 
ized stock instrument! 


member of Fenwal’sn 


or I 
temperature 4 
+- 600°] Speci: ranges, expanded 


tigrade scales available 


cen 

for set-point adjustment e) 

ly or internally mounted. 4. Sep 

potentiometer with graduated 

| and knob for remote adjustment 

». Cartridge, hex head, flange or cou- 

pling head probe for thermistor sensor 

All configurations have a rating of 

10A-115VAC or 5A-230VAC. You buy 
exactly what you need ! 

Of course, for the user who needs 
nost of these features, it may make 
nore sense to order a Fenwal 561 Indi- 

ting Controller... with indication 

lus. And for multi-point indica- 

, aS many as ten 536’s can be 

plugged in to a 580 indicator. Get cata- 

log on the complete ‘‘500”’ Line. Write 

FENWAL INCORPORATED, 33 Pleasant 
Street, Ashland, Massachusetts 


CONTROLS TEMPERATURE 
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EXTRUSION, CASTING FAILED 
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Path to Electrothermal Cooling Gets Warmer 


_ | ‘I | \I i | 
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AIR Force Planning to Do It’s Supply Shopping Electronically 


New Yorx—! \ 
Air | 
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Circuit switching is a 


more advanced _ technology 


Initially, four of the centers will have 


50 each; the fifth center will have 100 


message-switching and 50. circuit- 


witching channels. Each can be ex 
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200 circuit-switching channels 
(he control 
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New Way to Bend 
Thin-wall Aluminum 


4 method of bending 8-in.-dia thin- 

ll (0.044) aluminum tubing to a 

radius perfected at 

£ Airplane division at 

Wik nita, Kan. Tooling, soon to be com 

2-D (and 

bends) on heavier 

Large tubing sections 

can be applied to irrigation, air-condi- 
tioning and electrical installations. 


has been 


elng Co’s 
allow bends 
1.5-D 


wall material. 


pleted, will 


maybe even 
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Britain Raps Its Own R & D Growth Rate 


Although British R & D 
ictivity is expanding at an encourag 
(40% in the scale 
of effort is still inadequate and unbal 


LONDON 


ing rate 3 years 
inced, according to the recently pub 
lished annual report of the Advisory 
Council on Scientific Policy 

In 1958, the report states, the UK 
spent about $1340 million, represent 
ing 2.35% of the gross national prod 
uct (GNP), on R & D while the US 
spent $11,160 million representing 
2.74% of the GNP. Allowing for dif 
ferences in defense expenditure, the 
committee says expenditure on civil 
R & D is about 14% 

British applied science 
still 
the entire research 
effort is 


the report, which goes on to say 


= 


in each country 
tech 
wher 


and 


nology shows large gaps 
ind development 
much too small, according t 
that 
the great difficulty is finding suitabl 


qualified research personnel, especia 


] 
' 
} 
i 


in branches of engineering where the 
s | 


iniversity research tradition is weak 


Specifically, the report names th 


I 


conomic production of new material 


onducting, semiconducting, insula 

ng, magnet ind structural; and 

improvement of xisting 
irch 

2 move which will require “much 

llaborati 


sts, physicist 


ones, as 
field where res must be intens 
hed, 


imp! ved ¢ mn between chem 
mathematicians and 


al ; 
metallurgists | 1 mm universifies and 


You Can Now Tune in on 
New Yorx—A tem permitting a 
person from the 


mission point to instantaneously view 


entral trans 


microfilm material on 
IV screen has been developed 

py ind Electr 

illed Microfilm Video Tran 


ty 


1 high-resolu 
oni 


the viewer on 
on unit through 1 


} ; 


mote-contro juipment at h i 


hon 
Scanning the microfilm, he can se 
tion of the 


tO examine ind 


ny se film he wishes 
then electronica 
much as ¢ 


enlarge that portion as 


times’ microfilm-aperture size. 
For ind detail, the 


ystem uses 945 scan lines, compared 


greater clarity 


with a 525-line system in US commer 


cial T'\ 


a special phosphor on the receiving 


Ihe present model employs 


tube, for clarity of picture 
In the Nord system, the microfilm 


in industry,” says the report 

lhe general problem of collabora 
uch 
cientific disciplines without leaving 


tion as dovetailing traditional 


TADS ot studies, 


I 
ind of collating and disseminating sci 


organizing “hybrid’ 


entific information, occupied much of 
The rather 


urprising conclusion was that the “ex 


the committee’s attention 


isting traditional pattern (of scientific 
organization) is in broad outline sat 


sfactory Existence of a civi I 
velopment gap” between research 

ind industrial 

ly in the oi 


hrm 


applic ition 
itment 

ut no 

ymmended for its 

leficiencies of British tific 

ceived another airing. Said 

It has been suggested t 


measu 


’ 
closure 


20 or 25% of th 


rricula in physic 
logy could be elimin 
iny harm; indeed with 
Mathemati urricula are 

yn. Over-spe 


1 latter-da 


new material 
uld be ay | 


ral subje 


ving shaded 
inten 


ind 
trical 


After being great! the 


trical impulses are mixed with 


amplified 


ng impulses in a vn¢ 
to lock th ture 
his 


then fed into co- 


outgoing pi 


ste with the transmitter 
site signal i 


iXldl iD|« 


compet 


and distributed to any 


number of location These can be 
pre elected by 
transmitting unit 


The complete transmitting 


the operator of the 


unit 
including built-in monitor, is expected 
to sell for about $12,000. Monitor 
with control—$2000 


units remote 
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Rotating Ball Simulates Satellite Flight 


/ DRIVE WHEEL 
/_ WAGNETIC CLUTCH 
J / AYORAULIC MOTOR 


FIBERGLASS HONEYCOMB 


SHELL 


J DISPLAY CONSOLE 


lion of : 
itatior 


to check ment 


ist 


A 10-ft-dia fibergla 
of the reaction of modern ms omplex 1 
lator is being developed by tl! “ores 
conditions up t 
ons. Simulator 
It will ride o1 
1 and rotation 
of the 


powered 


llar strean 


rings rotating t the ini r sul r phe 
on the and 
by Northrop ¢ 


there 


} 


axe ind yaw 


Div, Hawthorne, Calif 
installed 


Air For 


will be 


Brook 


truction simulator 


Medicin«s Aeros] 


Britons Argue Setting Up Government Automation Center 


LOn ON Sh 


to the pi 
E. J. Rich 
ind R. H 


Dp 


i 


of South impton 


MacMillan of Swansea 


ird Opponent 


Un 
Univ 


in idequ ite 
The POVC 


hysical 


rnmen 
Lab iS 


»sfions 


exists 
National P 
dustrial research associ 


All that is needed 


The proposed center would operate 
tor each 


they 


under government supervision with an 
initial staff of 200 
trial 
the 
yr six theoretical-research sections and 


drawn from indus industry 


research jabs, government and 


universities. It would include five ward automation. A national center 


would be a waste, they add 
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is to reorient these existing units to- 


Piezoelectric Ignition 
to Spark Small Engines 


CLEVELAND—A totally new source of 


for ignition systems in small 
iwvailable, according to 
Cleveland Graphite 

evite ( orp 

1 piezoelectric transducer that 


tes a spark twice as powerful as 


that produced by an ordinary magneto 


ind condenser for such compact power 
equipment as power lawnmowers, out- 
board mutors, port ible generators The 
new device o larger than a man’s 
cerami 


ri¢ short 


thumb { ill vo 


parts 
motion 
harg¢ 


the device Spark 
t produces a spark 


] 
ipp ied to it 


itch and 1 spark- 


ignition 


mpiete 


: ; " 
nanasnake 


ten h 


pment 
gram W n full spe 
, 


tl evict ill smaller 


itished that 


} 
MAK 


simpler. But we are 


1 fundamental improvement in 


gine ignition, and we are moving 


initial mass-production.” 
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at local Distributors 


To meet space-age demands for greater 
accuracy and miniaturization, your BOSTON 
Gear Distributor now has fine-pitch 20° P.A 
PRECISION Spur Gears IN STOCK. Standard 
sizes range from 48 to 120 D.P. — 10 to 40 
teeth in stainless steel, and 42 to 180 teeth 
in aluminum 

Each Precision Gear is certified by Boston 
Gear to be AGMA Precision Class 1 or 


better. All materials and finishes conform to 


CALL YOUR 
NEARBY 


Federal and Military specifications 

Precision Gears are individually packaged 
in plastic containers and are delivered to you 
factory-sealed for your protection 

Be cost-wise . Standardize on Boston 
Gear Precision Gears . . . for certified quality 

for nearby supplies IN STOCK. Call your 
Distributor for New Catalog PG 160 and 
complete information. Boston Gear Works, 
71 Hayward St., Quincy 71, Massachusetts 


Aidvt. copyright Bost 


DISTRIBUTOR 


™ STANDARO/IZAT/ON PAYS = 
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ELECTRONICS....HYDRAULICS....HEAT TRANSFER....LUBRICATION 


NUCLEONICS....SONICS....COOLANTS....DIELECTRICS: 


Monsanto Specialized Fluids and new 


FluiDesign Service can help you benefit from 


A RENAISSANCE IN 
ENGINEERING DESIGNS 


Conventional fluids (water, oil) impose well-known restrictions on engineer 
ing designs. Heat, radiation, fire hazard, shear, electrical requirements, 
extreme pressure, friction—all cause problems—limit you in design flexibility, 


in imaginative thinking, in new ideas. 


Monsanto’s specialized synthetic fluids—-chemically tailored to minimize 
many design restrictions in power transmission, lubrication, heat transfer 
insulation, cooling—-make new and improved designs practical. Spawned by 
advances in specialized fluid properties and broadening of fluid functions 

a renaissance in engineering concepts is starting now. These specialized 


fluids open new design opportunities for your exploration. 


Monsanto’s new FluiDesign Service—established to help you meet your 
needs best from the capabilities of some thirty specialized fluids—can give 
you valuable guidance at the outset of your design exploration and engineer 
ing planning. For example, the next two pages provide you with the 
FluiDesign Service Report, “‘Fire-Resistant Fluids for New Mechanical 
Applications.”” Among the fifteen fluids described, one or more may allow 


you to engineer your next design for safer, more efficient performance 


Be sure to get your fact-packed Fluid Data File... 
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From Monsanto FluiDesign Service... 


FIRE-RESISTANT FLUIDS FOR NEW 


The fifteen fire-resistant fluids described here 
are now at work in industrial and aircraft 
hydraulics, heat transfer and other mechan- 
ical applications which require a firesafe fluid. 
When you need a fire-resistant fluid for any 
application, one of these Monsanto special- 
ized fluids may be adaptable to your job. 


Consider how these and other specialized 
fluids might solve special-design engineering 


Flash point, °F., 
Cleveland Open Cup 


Fire point, °F., 
Cleveland Open Cup 


Autoignition temp., °F. 


Viscosity, cs. 
100°F. 
210°F. 


Pour point, °F. 


Boiling point, °F. 
760 mm. Hg 


Max. bulk temp., °F. 
long term 


Coefficient of thermal 


expansion, per °F. 0.00042 0.00045 


Specific heat, 25°C. 0.42 0.38 
Thermal conductivity 


Btu /hr. /ft.</ft./F. 0.0723 0.0777 


Bulk modulus, psi 328.000 308.000 
Specific gravity, 


25° /25°C 


Resistivity, ohm-cm, 


25°C 


Dielectric strength, 
25°C., 60 cps., 0.1 in 


Dielectric constant, 
25°C., 1000 cps. 


Power factor, % 
1000 cps., 25°C. 0.49 

Original use aircraft 

hydraulics 


aircraft 
hydraulics 


problems for you. If one of these fifteen 
does not meet your present requirements, 
Monsanto FluiDesign Service will make 
other recommendations for your application. 
Just send a brief description of the condi- 
tions which your fluid must meet. 


For the specific properties you need, only 
Monsanto can make and help you select from 
so many kinds of specialized fluids, including 


Pydraul 
150 


Pydraul 
F-9 


Pydraul 
A-200 


Pydraul 
60 


435° 380° 380° 


0.00042 0.00041 0.00040 


0.40 0.32 0.28 


0.047 0.070 0.067 0.059 


328,000 319,000 387,000 400,000 


3.3 x 10° 


2.2 


industrial 
hydraulics 


industrial 
hydraulics 


industrial 
hydraulics 


industrial 
hydraulics 
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MECHANICAL APPLICATION 


phosphate esters, silicate esters, dipheny! and 
terphenyl and chlorinated derivatives. 





Write 


5 


Monsanto has the best facilities and broadest MONSANTO CHEMICAL CO. 


know-how for making the widest variety of Organic Chemicals Division 


fluid “‘base”’ stocks and additive modifiers of FluiDesign Service, Dept. 27648 


any chemical manufacturer. Whatever your St. Louis 66, Missouri 
requirements, consult Monsanto if you need 


a fluid for a new product or machine-de- SKYDROL, PYDRAUL 
T. M.s, Reg. U.S. Pat. C 


sign concept 


Pydraul Pydraul Aroclor Aroclor Aroclor Aroclor 
625 AC 1221 1232 1242 1248 


465 420 295° 308 360° 


0.00040 - 0.00039 0 0.00038 0.00039 


0.29 


0.065 0.063 0.058 0.057 


375,000 375,000 - 428,000 


0.1 


industrial air- turbine and plasticizer plasticize« 
hydraulics compressor compressor 
lubrication lubricant 


Aroclor Transformer 
1254 Askarel 


460 


0.00037 0.00039 


0.26 


0.054 
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THE ENGINEERING WEEK 


countrn 


ll steal the thunde 


Germany's Hanno 


Brno the hub 


ict that 


h unport-export 


OFP-20 GEAR-HOBBING MACHINE can 
helica orm gears up to 7.87 in. dia 
raulic program-control mechani 
Program control is operated by stop drums 
economic operation even when manufactur 
series. Life of the cutter is extended by 
tomatically in axial direction so that the cut 
subjected to uniform stress. The unit work 
hand loading and clamping is nece 
addition of a supplemental magazine, auto 
ind a hydraulic clamping device is possible 
isable for transfer lines. A special feature 
sure coolant-jet stream, above, which also re 
rom the tool as well as from the work object 
s the chips while the coolant is discharged 
| bottom-located holes. Hob speed ranges from 


of the hob slide ranges infinitely from 


exhibits dwarfed tho 
llion worth t m Curtain countnes who 
iddition, 7! d. ‘Vhe 160 Fair phot 


hine-tool 


"0 machine 
ide turnove the ) cl pl iction group 
than t 1 SCT s “fully new 
ics of th 
hibit is the further de 


1) 
‘| ( 1\ 
pecial 


q J1G BORER WKV-100 n be used fo 


drilling and borings ! liso is said to 
markoff and for parts-inspection ll of these operat 
can be performed at an accuracy of 1 micron per millimet 
The machine can turn out both male and female th 
metric and Whitworth n special accessories a 
equired The worki tab moved hydraulica 
suspended on table feed 
finitely Vi at rom wv . I I n to 13.65 it 
special ge: is provided fo Dp ! ersing 
two upright 
lection (rangil 
hand leve provides 
Spindle drive can be 
mm 12.5 to 2000 rpm. A 
tion bearing \ ! ned for the idle wl 
Morse tay rhe 


is counterwelgrnt I ( I bianheo 


take tools witl 


ole headstoc 
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Sheetmetal Buckets Cut Weight by 50% 


Crack-free spot welds 


Senator Wants Blinders 
Off Federal R & D 


\V ASHINGTON 


The first practical application of sheetmetal buckets to a turbine wheel cuts 
weight 50 GE reports. High-temperature nickel-base-alloy buckets permit 
further weight saving in the turbine wheel itself and in the containmer hroud 
Low inert the rot nplifie contre mechar 

peratior n temperatul a ve 1000 F 

enance } t are Ve ead ft tne w ire 


Quartet of 


SEATTI ! f { t BLAMES FEDERAL AGENCIES 
i bp 


The new te nid 
Stainless steel powde 4 


ipper surta 


ire of the brazin 


lwo new corrugated cores 


place honevcomb in some sandwich lowe! 


panel ipphic ition Both new tvpe ncreas¢ 
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POINTS OF VIEW 


tHe question: What changes do 


For the first time in history voters are being given 
science, engineering and basic research as ¢ impaign 1ssuc 
l'rue, neither Presidential candidate, Vice President Nixon 
or Senator Kennedy, is using his R & D thinking as a 
first-line vote-swinge! But each aspirant has brought 
science and research to the fore as a part of his tactic 

Nixon made science the subject of his second ‘“‘Posit 
Paper,” preceded only by n “Communism as a Phil 
osophy.”” Kennedy has not Isid down his views on 
ence as definitively as Nixoii ¢« the Democratic candi 
date has continually bri it up the issue in campaign 
speeches When Kennedy hammers at the lag in t 
US defenses and spa ] i 
spending and leadership to go into research 

Of the two candidates, only Nixon has laid out a speci 
program. In his ‘Position Paper” titled ““The S 
Revolution,” the Vice President brought forth a fin 
po il that has won wid lau n tl ’ 
VICE PRESIDENT NIXON munity. He wants to 

titu iround th hev would be 


Adi 


how mu 
ireas of know f ex] ad 
Nonetheless, Nixon ha ored well with his 
NSF officials open! ra ie plan Right 
foundation sper S million to $70 million 
i upport of ba I 
All toid, Conegr« ted me $175 million f 
foundation to carry ou search efforts th 
The amount earmarked I sic research for 
SENATOR KENNEDY foundation to turn down about half of the promising 
posals it receives from ntists each year. What 
NSF would like to do is support at least two-thirds « 
proposals it gets. Unofficial estimates indicate this w 
cost about $250 million a year 
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the presidential candidates 


want in science and engineering ? 


THEIR VIEWS ON SPECIFIC ISSUES 


While the Vice President's p yr basic-research cen 


ters is the only new prograt ered by either 


scientists and engineers: 
Nixon and Kennedy both fav 
ition, but differ considerably 


method. Neither 


neers for special treatment, however 


candidate, 
here are their positions on other related issues, derived 


: candidate single 
from talks with aide 


campaign speeches and stands taken 


Kennedy backed a bill providing 


Creation of a new department of science and tech- struction—$1 billion 
} f 


nology with cabinet-level rank: the st providing matching fut 
Neither candidate takes a firm stand one way or t ption of using the money for 


ther on this point. Kennedy says he may make gned to attract support from 
: 


i 
the matte iring t campaign. If he goes for had good building program He 
} . e 7 1] 

tch for the post I bill 

ice and missilk lucing construction funds t 


ind Russi in 


+} 
tl 


either 
the cam] 


1 


} | 
k in this held 


US lags 


Providing our allies with more scientific secrets: 
Both cand that our t overseas should 


dat hat the US 


Exchanging technical information with the Soviet 
Union: 
Both 


R 


cutting out the teacher 


Increasing federal aid for the education of more 


federal aid to edu- 
umount and the 


scientists or eng 


program Nn 
VCars with 
ing them th 


salaries Thi 


which have already 


idy to sup- 


option and 


More spending for research, defense and education: 


\W thout ( 


Applying more American engineering know-how to 
overseas aid programs: 
Specifically, neith ndida ngl uut more Amer 
ing know-how a means of improving US 

Both Nixon and Kennedy, however, call f 

more vity in indoubtedly would 


include more engi underdeveloped 


tric —SetTH PAyYNI 
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Missile’s “Fast Draw” Starts 


Cold-drawn Seamless 
Cuts Clean-up Costs 
For Anker-Holth’s 
Power Cylinders 


ssile Age version of the “‘fast 
starts with the lightning 
roke of a power cylinder 

12-foot stroke hydraulic cyl- 

inders provide the power and speed 

that unsheath one of the nation’s 

principal defense missiles for instan- 
taneous action 

They're made by Anker-Holth 
Division of The Wellman Engineer- 
ing Company from Pittsburgh Steel 
Company's commercial quality, 
carbon steel, Seamless Mechanical 
‘Tubing. 

Mounted two to a unit, the husky 
cylinders must—-within seconds, and 
without fail—slide back the two 
halves of the hangar-size missile 
shelter to release the weapon for 
hiring 

Anker-Holth, of Port Huron, 
Mich., uses Pittsburgh Steel’s 
Seamless Mechanical Tubing to 
manufacture this critical unit’s 
outer cylinder and piston rod. 


Relies on Pittsburgh—What 
makes this company rely on Pitts- 
burgh Steel for the tubing it requires 
for this application? 

Fred J. Theisen, vice president- 
production, says there are several 
reasons He explains: 

‘First is Pittsburgh Steel’s service 
They're able to give us information 
fast 

“On the first lot of tubing for this 
job, we asked all our suppliers for 
recommended sizes for cleanup to our 


finished dimensions. Pittsburgh 


Piston rod made by Anker-Holth for 
launcher shelter’s roof activating 
cylinder requires only minimum 
processing for cleanup with com- 
mercial quality Pittsburgh Steel 
Seamless Mechanical Tubing. Fin- 
ished rods, 142” long, are plated with 
hard chrome. Vice president-Pro- 
duction Fred J. Theisen, (left) talk- 
ing with Pittsburgh Steel salesman 
T. J. Whan, says Anker-Holth relies 
on Pittsburgh Steel tubing for this 
missile component. 








With Pittsb 


Final hydraulic testing on com- 
pleted cylinders is comprised of 30 
cycles at 4,500 psi—using special 
Anker-Holth testing equipment. 


Steel’s answer was in first, and it sug- 
gested less stock removal. 

‘‘That’s important, and it’s one 
reason Pittsburgh Steel stays with us 
We ask them for size recommenda- 
tions that we need for cleanup. They 
tell us the size, and they do it ina 
hurry. They don’t wait around for a 
couple of months to reply. 

“For another thing, when we first 
started production of this cylinder, 
we had a problem of straightness 

**| don’t know how they did it, but 
Pittsburgh Steel came through with 
a batch of tubing I had never seen 
the equal of. Pittsburgh makes a 
quality tube. Straightness is the big 
thing — plus service and the amount 
of stock we must remove. With Pitts 
burgh Steel Seamless Tubes we don't 
need extra metal for honing —so we 


aren't paying for metal we don’t use.” 


Experience Pays—Close attention 


to customers’ needs and experience, 


plus steelmaking skills and produc 
tion practices deve oped in nearly 50 
vears ot seamiess 


Pittsburgh 
Anker-Holth t! 


tube produc tion, 


make Steel able to serve 


urgh Steel’s Tubing 


Fast service, straightness, and minimum stock removal convinced Anker- 
Holth that ‘*Pittsburgh was best we could get for this job.’’ Cylinder meas- 
ures 5 inches by 4 inches by 143 inches. Anker-Holth specializes in power 
cylinders with bores from one to 48 inches, and strokes to 45 feet. 


allows Anker-Holth to simplify its 
cleanup process of the cylinder’s 1D 
and centerless grinding of the piston 
rod’s OD. 

Machinability and weldability of 
Pittsburgh Steel’s tubing are vital 
factors in Anker-Holth’s production, 
too, because plugs, ports, sleeves, 


piston and end covers are threaded 


and /or welded to the piston rod and 
cylinder in this application. 

Contact one of the distributors or 
district sales offices listed below 
Then let Pittsburgh Steel Company 
demonstrate its ability and readiness 
to help. You, too, will find that Pitts- 
burgh Steel’s tubing is the best you 
can get. 





Boker Steel & Tube Compony 
Los Angeles, California 

Chicago Tube & lron Company 
Chicago, Illinois 

Cleveland Tool & Supply Co. 
Cleveland, Ohio 

Drummond, McCall & Co., Ltd 
Montreal, Quebec, Coneda 


Pittsburgh Seamless Distributors 


Perry Kilsby, Inc 
Los Angeles, California 
Mapes & Sprow!l 
Union, New Jersey 
Metal Goods Corporation 
St. Lovis, Missouri 
Miller Steel Company, Inc 
Hillside, New Jersey 
A. B. Murray Co., Inc 


Solar Steel Corporation 
Cleveland, Ohio 
Stee! Co Standard Tube Sales Corp 
Brooklyn, New York 
Steel Sales Corporatior 
Chicago, Illinois 
Tubular Sales 
Detroit, Michigar 
Tubulor Service Corp 





Edgcomb Steel Company 
Philadelphia, Pennsylvania 

Gilmore Steel & Supply Co. 
San Francisco, California 


Earle M. Jorgensen Co. 


Elizabeth, New Jersey 

C. A. Russell, inc. 
Houston, Texas 

Ryerson, Joseph T. & Son, inc 
Chicago, Iilinois 


Springdale, Pennsylvania 


Ward Steel Co 
Boston, Massachusetts 


W ard Steel Service Compo 


Dayton, Ohio 





Pittsburgh Steel 


Company 





Grant Building 


— 
" 
\P| DISTRICT SALES OFFICES 
i Atlanta Cleveland Detroit 


n we nee { - . oO 
ing to exacting standards for straigh Chicage — a Philadelphia Warren, Ohio 


ness, concentricity and toleranc es, i we 
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Pittsburgh 30, Pa. 


In this instance, Pittsburgh Steel's 





ability to produce 


Los Angeles Pittsburgh 


New York Tulsa Stee! 


cold-drawn seamless mechanical ti 


ommercial quality 
b 
t 
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Important facts to know about laminated plastics 





A few Taylor composite laminates (left to right): copper-clad section; sandwiched cop- 
per component; Taylorite vulcanized fibre-clad part; laminated tube, copper inserts. 


Composite Laminates Open Up New Design Opportunities 


While the great variety of commer- 
cially available laminated plastics 
satisfy most electrical and mechan- 
ical requirements, there are applica- 
tions that can benefit from the com- 
bination of properties provided by 
composite laminates. Recent ad- 
vances in bonding techniques have 
made it possible to bond virtually 
any compatible material with a lam- 
inate. These can be supplied as clad 
or as sandwiched materials. And 
they can be molded into many shapes 
to fit design requirements. Taylor is 
presently supplying to order the fol 
lowing composite laminates: 


e Copper and laminated plastics. 
Clad for printed circuits and formed 
shapes Sandwiched for special ap- 
plications 
Taylorite® vulcanized fibre-clad 
laminates. These combine the 
high strength of laminated plastics 
with the superior hot-arc-resistance 
of vulcanized fibre. They are being 
used in both high and low-voltage 
switchgear applications. Also in ap 

plications where the high impact 

strength of vulcanized fibre may be 
advantageous 

Rubber - clad 


any type of 


laminates. Almost 
natural or synthetic 
rubber may be used as the cladding 
material. These laminates are widely 
used for condenser tops in wet con- 
protect the laminate 
against highly alkaline electrolytes 
They also have application in any 


densers to 


part where sealing or chemical re- 
sistance is needed. 

Asbestos-clad laminates. For 
applications where high heat- and 
arc-resistance are required 
Laminate-clad lead. Lead sheets 
sandwiched between Grade XX pa- 
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per-base laminates have been used 
for X-ray shields. The laminate 
provides strength and contributes 
to the high shielding properties of 
the lead. 

Aluminum-clad laminates. These 
have been used extensively for en- 
graving stock. They also offer pos- 
sibilities as printed-circuit material 
and as plate holders for X-ray 
machines. 

Beryllium copper-clad laminates. 
Beryllium copper is nonmagnetic 
and a good conductor—properties 
that give these laminates possibil- 
ities in many applications. 
Stainless steel-clad laminates. 
Applications where nonmagnetic 
properties are required. Also in cer- 
tain corrosive environments where 
the resistance of stainless steel to 
attack is an asset. 
Magnesium-cliad laminates. 
These laminates have been pro- 
duced in 108-in.-long sheets for use 
X-ray 


Weight was a factor. 


as screens {for operators 


Our design and production engineers 
are constantly developing new ma 
terials, new applications, and new 
procedures for fabricating laminated 
plastics. Our experience is yours for 
the asking. And if you have a prob 
lem requiring assistance or more in 
formation on composite laminates, 
write us. Also ask for your copy of 
Taylor's new guide to simplified 
selection of laminated plastics. 
Taylor Fibre Co., Norristown 39, Pa. 


LAMINATED PLASTICS , 


VULCANIZED FIBRE 
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Which Metric System? 


To the Editor: 

In your Aug 15 issue, p 44, I read with 
amazement an article by Prof Carl F 
Kayan, entitled ““Which Metric System’? 
If I understand him correctly, he says that 
we should make two complete changes 

ir system of measurments, instead of 
me, in order to eventually end up 
a metric system of units. What 
even worse, he claims the Engineering 
Section of the American Association for 
the Advancement of Science feels the 
same way. What these people apparently 
propose in Operation SCUDS is a decim 
lization of the foot-pound-second system 
is a step toward eventually going to the 
yste m 
would like to point out that t i 
such system as the ‘foot-pound second’ 
m of units. We use nautical mil 
ute miles, yards, feet, inches, fractional 
und decimals of inches for I 
1 units; long tons, short ton 
ind grains for our w 
ne;re can 


ind of course 


ind. sect 
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ndred 
igl ; 


rineering cal 

advantage in 
that Russia is 
: : 

exclusively, and 
\\ ontrol 


the world’s techn log’ 


n help Russo-American rel 
1] ertainly improve 

n Our engineers 
tists 
Finally, Prof Kayan makes the 
“A drastic changeover 


1¢ groups 


statements: 
t] concerned 


possible — 
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never be able to agree But there will 

never be any progress if we try to push 

for a revolutionary changeover to the 

metric system—such a completely 

system cannot be introduced overnight 
[hese are mere excuses, advanced by all 

opponents to our adopting the met 

tem, to justify a wholly ilk 

What do these people real 

they mean that they then 

ible to make the change 

think the rest of us ar 

o? Other countr 


ith no ill effects; 


r) 


Se 

hould 

by appropriating an extra sun 
the Bureau of Standa 


per 


new MKS 
At the 


inits, and 
d to require all 


ind reports to | 


immediat 


ANCHOR 
FLANCO 4-BOLT 
SPLIT-FLANGE 
HALVES 
AND “O” RING, 
FLANGED HEAD 
COUPLINGS 


, Andy Anchor Says 
of units invol \ ir whol 

aomier Snates . id 6 “When you are faced with a 
i : , problem in hydraulic plumb 
are 334 of th ing, remember there's a qual 
e fact » proportion ified specialist in this field 

than 10 has. In a duodecimal no 
tation, 12 would be expressed as 10. Ten 
could be an italic x Eleven ild be 3 

ipside down 
A duodecimal notation is more pract 
al. Consider, for an example, the con 
version table most commonly used in a 
drafting room, converting multiples of #% 
nto decimals. Each of the 32-odd multi 
ples of wx requires 6 decimal places for 
exact conversion. In a duodecimal nota 


continued on page 


ire 66¢% mor 


who is always available for 
consultation your Anchor 
representative! 
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new 3 ANC HOR .. tue ptevce oF 


/ PERFORMANCE 


Stop *Leaks—"O” Ring gasket gets tighter as 
pressure increases 

Prevent Wedging of Pump or Valve Bodies with 
tapered threads. 

Allow repeated disconnection and reconnection 
without leaks — No threads to wear — no tapered 
seats to groove 

Reduce Production Costs—costly threading op- 
erations eliminated. 

Simplify Connections no separate swivel or 
union connections required. 

Permit Faster, Easier Connections — to disconnect, 
only one bolt need be removed. 

Are Available with Pressed-On or Reusable Covu- 
plings and with Weld-type Fittings. 


Flanco assemblies are your best bet for connec- 
tion of hose assemblies to valve or pump parts 
for hose to manifold — for pipe to pipe, pipe to 
hose and hose to hose in high, medium and low 
pressure systems. 


Write for Catalog No. 402 
for complete description and specifications 


370 North Fourth St., Libertyville, til. 
Branch Plants: Dallas, Tex., Plymouth, Mich 
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New Production Capacity | “""""" 
For Fast Delivery 


Large Generated Gears 
SPUR - HERRINGBONE «+ HELICAL 
for a wide range of industrial applications 


Gears which must operate smoothly and without vibration 
at higher speeds and under greater loads must correspondingly 
be more accurate in tooth profile and spacing. 

H & S Generated Gears answer these demands. 


Offering the same high-quality standards which characterize 
the complete H & S Gear line, production capacities for large 
generated Spur, Helical and Hobbed-Herringbone Gears are 
now available in the following dimensions: 


Up to 80” outside diameter at 1 DP 

Up to 90” outside diameter at 14 DP 

Up to 100” outside diameter at 142 DP 

Up to 125” outside diameter at 2 DP 

Face widths up to 42’’, depending on helix angle 
Send your specifications, or let our technical staff make 
recommendations. H & S specializes in fast production of 
quality industrial Gearing and Speed Reducers to meet your é . 
custom requirements. sont alt smmnaiee aie alias 
pap tomary.” R E Hansen 
Write for Catalog FLB-60 | Gi) ae tant chief en 


24 The HORSBURGH « SCOTT CO. 


| 
Ce, 
5112 Hamilton Avenue . Cleveland 14, Ohio 


' 


nnett | 
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Six sizes 
COMING EVENTS all variable-speed 


OCTOBER explosion-proof 


=x GAST*= AIR MOTORS 


CHOOSE YOUR DRIVE Need a compact low-cost 
METHOD of plant use apf lications { 


{ these ethcient Gast r 


special advantages the 


1. They're explosion-proot 
Low initial cost mpared ¢ 
NOVEMBER 
2-4 — ' Direct through 
Nationa | | ' flexible coupling 
Meet May 


Speed variable with simple 
i Can't burn out 


Reversible rotat 


Amazingly lig 
Ball-bearing; almost serv 


Mecha 


> geor reducer 
nple 
Flange yast Air Mot 
mounted 


§ are suppil 


rveurmatic hoists, mixers fo 

vertical ' 

enataiien : blowers, fuel hose-reel rewind 
i 

machines and a host of 


xplosive atmospheres and in 


GAST MANUFACTURING CORP., P.0. Box 117-V,, Benton Harbor, Michigan 


SEE CATALOG IN SWEET'S PRODUCT DESIGN FILE & A.S.M.E. CATALOG 


@ AIR MOTORS TO 7 H.P 
@ COMPRESSORS TO 30 P5S.! 
@ VACUUM PUMPS TO 28 IN 
** Aj b ed 
ir may be your answer 
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ANGLgear’® 
solves multiple 
indexing problem 





—— 


POLISHING - POLISHING 
MEADS “ HEADS 


ANGL gear 











See our catalog in 
Design File or con 
tact your local dis- 
tributor. 


Design templates 


free on request 


< BIDS OR? ~ 
Engineered Equipment for Aire tand I stry 


: 4 

AIRBORNE ACCESSORIES 
CORPORATION 

1414 Chestnut Avenue 

HILLSIDE 5, NEW JERSEY 
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For Your INFORMATION (personal) 





Pocket-size ‘‘pointer-outers”’ 


Want to know where vou're going ir W 
Ihe Germans have a “pocket-size” 
the other 

[he portable, transistorized direction-finder ured her 


It ha 


lephone sign 


( 18 
latest unit for boating, “marching” an subm 
is well as transistors, can receive 
take bearings on transmitters 

} 


in be divided into 


For fish-finding 


mi ibout 


Personal, Portable Direction Finder can bhi 


Too much fresh oil? 
H 


n 
lvanometer and potentiomete1 
The t were made b 

Motor Vehicl ind ar 





by n., Thompson D 
13 Fifth Ave, New 
1] : 





family. First « was an ric era 








PE—FYI, Nov 358). Now, the line 


hobby kit, in 


BATTERY-OPERATED 
can be used for drilling (left) 
Manicure 


(right) 


ncludes a which the 


. ‘rill 1 ot inding, and buffing 
motor powe! 1 arlil, rcamer and ! shapes and trims nails 
tools: and two home manicur 


one for men and one for women grinding wheel, burt 


he hobb 


diagram w how they work 
SS 4() 


rubber cuticle-pusher. ‘Th 


$4.95; the manicure set 


“wor kshop 4 
routing 


set 
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A NEW Duty Master FHP. 


for heavy-duty industrial use 








RELIANCE : MASTER 


ELECTRIC AND ENGINEERING COMPANY - ELECTRIC COMPANY DIVISION 


AN 


EW 


Duty Master FHP. 


Product of the combined 


resources of 
Reliance Electric and 


Engineering Company and its 
Master and Reeves Divisions 


A motor that combines new, 
most-wanted features at no extra cost 


This motor is tough all over . . . deliber- 
ately designed for heavy industrial 
duty. Frame is rolled from steel—end 
shields cast from an aluminum alloy 
specifically selected for strength. Ball 


bearings are double-shielded, with lubri- 


cant packed into the bearing for life. 
Sleeve bearings are steel-backed and 
babbitt-lined for low friction and long 
wear, “Permawick” oil retaining ma- 
terial provides maximum lubrication 
to these bearings. Rotor is pressure-cast 
from high purity, low-resistance alumi- 
num. Varnish impregnated stator re- 
sists moisture .. . and adds strength 
to windings. 


More power per pound .. . simple instal- 
lation, 33% lighter than other preced- 
ing motor designs. Good design and 
materials make the difference. Makers 
of motor-driven products save on ship- 
ping and handling costs. Duty Master’s 
light weight and small size make pos- 
sible lighter, less complex mounting on 
equipment. Terminal board provides 
easy power connection in the front end 
shield. Cover plate quickly removable. 
Motor rotation easily reversed by inter- 
changing slip-on connections. 


Up to 10% cooler than other compar- 
ably rated motors... yet gives you 
maximum protection. High load 


Canadian Division 


RELIANCE 


. 

° 

° 

. 

7 CLEVELAND 17, OHIO 
ad Toronto, Ontario 
. 

e 


Sales Offices and Distributors in principal cities 


capacity results from new, effective 
ventilation of critical heat sources. 
Laminations, coils and rotor are liter- 
ally rinsed with cooling air through 
new end shield design. In totally- 
enclosed, non-ventilated motors, the 
fan, cast integrally with rotor, circulates 
the air within the motor at a rate ap- 
propriate to efficient transfer of heat to 
motor frame and end shield. And load 
carrying capacity of the totally-en- 
closed fan-cooled motor is increased by 
a fan and shroud directing air over the 
frame and end shield. 


Quiet ... Smooth . . . Positive. Resilient 
mounting composed of metal-rimmed, 
rubber-cushioning rings that encircle 
the bearing hubs on each end and sup- 
port the motor. Motor can be mounted 
in any position. Single phase starter 
winding circuit automatically opens at 
80%, of full load speed. Action is quiet 
and positive. 


Available now in 48 and 56 frame sizes, 
from conveniently located stocks. Duty 
Master FHP. is made in 4%, %, 4, 4, 
\% and % hp. capacitor-start, split- 
phase and polyphase for 48 and 56 
frames ; repulsion-start induction-run 
in 56 frame. Your Reliance Sales 
Engineer or Distributor has all the 
facts at his finger tips. Call him or 
write for Bulletin B-2514. It will be 
sent to you promptly. 


B- 1676 


ELECTRIC AND 


“ENGINEERING co. 


5 
R> 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems 





An example of Avisco Rayons in Industry 





msi r VES 





x TSS LA 


Now, stronger, lighter-weight belts with 
Avisco XL-I rayon 


Because of fabrics made from Avisco XL-I rayon fiber it 


is now possible to engineer stronger, lighter-weight belts. 
Compared to the traditional fiber, fabrics of XL-I rayon 
have up to 60% greater tensile strength and 3 to 5 times 
the fatigue life. 

XL-I rayon adheres without predipping. Flex character- 
istics are excellent. XL-I fabrics trough well, conform 
better to pulleys and rollers, readily absorb starting and 
shock loads. Their lighter weight requires less power for 
starting and running. 

For help in improving your product with Avisco XL-I 
rayon reinforcement, send in the Quick Reply Coupon. 


ay @ 
vi 
d 
. 


QUICK REPLY COUPON 
Industrial Merchandising Division 
American Viscose Corporation 
350 Fifth Avenue, New York 1, N. Y 
Please contact me about Avisco Rayons 
following application 





Name— 
Company 


Address___ 


2 


AMERICAN VISCOSE CORPORATION, 350 Fifth Avenue, New York | 
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THOR 
MACE 
TITAN 
HAWK 
ATLAS 
SNARK 
NIKE B 
BOMARC 
NIKE ZEUS 
SPARROW |! 
SPARROW Il 
SPARROW Ill 
NIKE HERCULES 
SIDEWINDER 
REGULUS I! 
VANGUARD 
REDSTONE 
JUPITER C 
PERSHING 
BULL PUP 
MERCURY 
TERRIER 
POLARIS 
TARTAR 
CORVUS 
FALCON 


“ Designs Assembly Savings Into 
Critical Minjorure//Instrument Boll Bearings / 


me ESV Coe fm RT J! 2 


VUMENT BALL BEARINGS 


36 


Helping customers simplify instrument assembly is a 
specialty of the N/D engineering group. How? Through 
creative Miniature/Instrument ball bearing application 
and design. Often, a new ball bearing design will pro- 
duce assembly savings in excess of its additional costs 
Integral ball bearings, too, very often cut down difficult 
and costly hand assembly of shaft and parts. 


A timely example ot N/D customer assembly savings 
can be seen in Nike Ajax and Hercules missile ground 
support. Here, specia/ N/D Instrument ball bearings are 
now used in precision potentiometers. New Departure 
engineers recommended eliminating two single row 
instrument bearings, mounted in duplex and requiring 
and separate guide roller. They 


precision spacer 


MINIATURE £& I 


re 


CIRCLE 36 ON READER SERVICE CARD 


7 


replaced this assembly with a special N/D double row 


high precision instrument ball bearing with integral 
outer race guide roller . and shaft mounted with a 
nut. This one recommendation produced cost savings 
of over 400%! In turn, the customer was able to reduce 
the potentiometer selling price to the government 
What's more, the New Departure Instrument Ball Bear- 


ings improved potentiometer reliability! 


You can look to minimum assembly costs and unsur- 
passed reliability. Include an N/D Miniature/Instrument 
Bearing Specialist in your early design level discussions. 
For immediate information or assistance, call or write 
Department L.S., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 


4 


you can build around 


PRODUCT ENGINEERING + OCTOBER 24, 1960 





“ 


Said 


} 


he met the jeweler 


DV 


} 


acn i! 


I I 


atch carefully by 
» he was sure he 


i 
the 
bl W 


+ 
i 


ilways wanted to tha 
vatch by the clock in 
ler “It 
vy whistl 


th 


the 


the fact 
Something like 
Dh 


combines 


we 


{ 


t 
ind 


in their 


Same routine 


he 


i 1K 
Part of the 


unking by 


iat 


prob] 


tl issumMII 
ignoran Part 

think up the idea n 

ill the bilitic 


possi lil 
prominent 


] 


iectul 


Or the 


1 


was wrong 

who mad 

report 
Basically 


ind ever 


in 


eng 


on ept 


mnomist ques 


) 


mistak 


aod oe 2 OD) ED) SD | Gee 
E= NGINE: & FRIN« 


| 


October 24, 1960 


HOW TO PERPETUATE A MISTAKE 


set 


hi 
jeweler’s window, 
on time. Finally, 


ind said: “I’ve 


engineer 
cl I 
the plant whistle 
in old-timers’ festival 


nk 


your window 


m)\ 
ht.” 


I’ve set 


s always rig 


25 yeal 
icked the 


makers 


ynstant 


you. For 


ind it’ 


; 


et it ever 


ought 


TT - 


economii 
f cor 


and ther 


rn en 


it 


l number ( 


ext wort 
} I 


; the figures and a 
1 their origina 
believe 


do the « 
currently 


| hey 


optimistic 
And if the 
is they 

ng 


lectured 
hadn't 


enough 


pp 
ire 
can ta 


They 


WI 


mecy 
dollar watches 
correct time 


+ 


rie 
i DOOM 


washin 


} 


n fo 


y 
— 
} 


rt owed 
itement; 


iveraged may be 


h ive 


1 4} 
i 


been thrown 


at a chronom 


of maker. ie either 
ngness to a 
Part of 


man smart enough 


m 
+ rn 
t. 


mel 


1g 
of 
ust ha 
But | 
whi 


expert 
I 


; ; 


+ 
enough te 


math book of a 


) 


I 


r+ 
i 


remember th« 
of the 
math 


hi 


) sm ) SUTVE 


in h most simple arithmeti 
in atomic ence hired 


t 


thmetic i hrst expens¢ 


in l 


i 


ide 1, CVeCTY 


If this wer 


nee! 


fact except his wife’ 





24 HOUR DELIVERY 


We now stock small quantities of the most popular sizes and types of Globe 
precision miniature motors—both a.c. (60 and 400 cycle) and d.c., plain and 
gear reduced, for immediate shipment off the shelf. Get the motor you need 
tomorrow! 

Understandably we can't guarantee to meet every requirement that fast: 
the Globe line is the broadest available today with literally millions of com 
binations—stocks change day to day. But we are almost sure our inventory 
contains a motor that comes close to your prototype requirements—to tide 
you over until we can furnish the exact motor you need. (Most unstocked 
prototypes normally can be built and delivered in 4 weeks or less.) 

Your Globe engineering representative has the latest stock lists. Contact 
us when you need a miniature motor immediately. For details about 24-hour 
prototypes, write for Bulletin 24. Globe Industries, Inc., 1784 Stanley Ave- 
nue, Dayton 4, Ohio, or telephone direct: BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. $&/8e@]=j=3 


PR . A 7 ) ~ A A $ 


Tim e ” FAN a ¥ s 
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AC SWITCHES FOR AC CIRCUITS 


Most de switches work for ac too—the reason why few 


manufacturers have made any changes. But there are 


some new designs by various companies made 


specifically for ac; they’re smaller, quieter and longer lasting. 


RONALD MUNROE, chief design engineer, Eagle Electric Manufacturing Co Inc, Long Island City, NY 


ABOUT THIS ARTICLE 

The stimulus for this article was a patented invention by 
Louis Ludwig, president of Eagle Electric Manufacturing 
Co. Called “Touch-A-Matic,” it is a toggle-action ac 
switch introduced recently by his company. It led to this 
question by Propuct Encinersinc editors: “Why the 
fuss over ac switches when the conventional ac-de switches 
are doing the job satisfactorily?” The answer—covering all 
ac types—is given here by Eagle’s chief development engi- 
neer, Mr Munroe. 
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AC SWITCH is likely to arc if designed with contact gap 
less than plotted values 
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DRAWBACKS OF DC SWITCHES 
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TYPICAL AC SWITCH 
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a. BALL SNAPS from left to right (closing) but moves 
slowly from right to left (opening). Wedging of ball 
between cam and contact arm prevents bounce during 
switch closing. Angle of contact arm gives slight rock 
ing motion of contacts during opening, positively break 
ing any microscopic welds that may form During 
opening, when arm tension becomes greater than oppos- 
ing force-component of toggle spring, contacts open 
slowly even if rocker is physically stopped at this point 
This switch is called “Touch-A-Mati« 


. KNOB OPENS contacts slowly. Short flat on cam holds 

contacts open. When knob is turned again, contacts 
close rapidly because tension on contact arm throws 
cam around (providing knob is not held back by the 
operator ) 


. CHAIN ROTATES cam to open contacts slowly Closir 
is faster because tension of contact arm throws cam t 


flat position independent of chain 


CONTACTS CLOSE SLOWLY, depending on operator 


speed. Contacts are opened slowly in same way 


PRESSING BUTTON breaks contacts slowly When 
spring raises button to top position, vertical arm relo 
cates from narrow slot to the V groove in button. Wher 
button is depressed again, vertical arm is moved to left 
by the V 
close rapidly. This switch was invented by the author 


releasing the movable contact arm. Contact 


ROTATION OF MERCURY capsule moves liquid, con 
necting the terminals. 


&.CURRENT through resistance windings heats therma 


blade, causing contacts to close (or open) owly 


urrent. One way bounce can be nti is by having 
1 sliding action at the conta : is cause 
friction and wea1 


Sliding helps lower contact resistan 


h weve! 


HOW THE AC SWITCHES WORK 


Ac switches can have small contact gap, and speed 
ypening can be slow, because arc is extinguished automat 
cally when voltage goes through zero point of cycle. About 
0.005-in. gap (depending on contact surface and atmo 
pheric conditions) is enough to prevent an arc from 


40 











restriking up to 300 v. At 


7 
troublesome because ther 


up to 0.010 in. long ar 
e is very little spreading out 

which would damage adjacent parts—in such a short 
length. Longer arcs—0.020 in. and over—could caus 
damage, depending on ch design 

Proper break velocity to give desired arc length can be 
designed into th« If this correct velocity can b 
onstantly maintained, arc length can be even less than 
1.005 in. Correct velocity is anywhere from 0.6 to 3.6 
in./sec, figured t time of travel should be from 
4 to $ cycle (1/1 te 240 sex 


from 0.005 to 0.015 in. See chart on previous page 


over distance (gap) of 
Forces in ac switch an be low, because heavy spring 
ind mechanisms are not needed. Both dc and ac switche 
can be actuated by throwing a lever, pushing a button 
turning a knob or stroking a rocker, but the ac type takes 
less force and is quieter 

switches than in d 


However, closing 


There is less contact bounce in a 
on closing because movement is slower 
is usually designed to be faster than opening, becaus: 
mee the arc strikes, there is no need to prolong the time 
f travel. Arcing that lasts too long will increase melting 
of contact surfaces, causing pitting, material transfer at 
ontacts, and possibly serious welds. What is needed is 
the highest closing velocity without bounce 

Silver-alloy contacts rather than conventional copper 
ones are used for ac switches. Silver’s higher conductivity 
inhibits pitting and welding, gives longer life. More im 
portant, the oxide that forms conducts current even when 
contact pressure is low, despite lack of “wiping” action 
to break through oxide film. De switches can have 


PRODUCT ENGINEERING + OCTOBER 24, 1960 





MECHANISMS 





oe.) 


‘a 














v-openl! 
pening 


Cam-type ac switches 
ictuated opening ind 
iP 


ontacts normal 


ind the cam a 
reverse: it 
them. For 
tion otf 
ictuator at norm 
Otherwise he may 
separation distance 


With « actuates 


by 


im 


exerted contact arm 


ontacts loose if minor we 


; 


most cam-actuated sw 


Ac toggle-action switch ers from 


closing motion is snap 


ment rides over point 


switch, opening cannot 
Any normal speed of m 


well within max and 


osing a 


} 
min v« 


i i lable in wo styles: can 
Ihe first has 
yntact-arm tension, 


Second style is the 


losing 


pen, im close Ss 


r 
speed and posi 
to 


careful movi 


full str 


en at some critical 


rict OK¢ 
ise CXCCsSIive ircing 
witch, opening forc« 
be great enough to break 

] For 


Inn 
ypened 


must 


Iding i rent this reason 


he I¢ im 


} 
} + 


in tha 
when ball ele 
unlike the ¢ 
ireless operat YI 
] 
l 


im type 
ICThK . riggel d 
And 


be stalled by a 


if togek im 


SO 


open contact 


Life of the a 


nual operation wil 


city limits 


toggle switch can be four times that of an equivalent d 


switch operated on ac 
25,000 cycles for ordin 


PRODUCT ENGINEERING - 


] 


or dc—about 100,000 cyc 


iry 20-amp ratings 


OCTOBER 24, 1960 


iC§ VS 


onstant at 
witches 
less it 


trective 


in 


conta 


+} 


Decal 


the 


Pressure 


is high eno 


+ 


High potential 


witches with 


movement ¢ 


Mercury 


in there 


switches 


iough 


1S¢ 


: 


rore 


have mn 


thanks to sealed-in liquid. These swit 


wily in 


mecreu;ry 


respons 
1 x ‘ 
11SsO alt< 5 


gardless of variations in 


; 


) Operator 


| 
I 


respons 


res} but 


ngu 


} 
speed. Ele 


suse damage in ordinary metal conta 


ury 


will reduce contact separation ove 
than cam 


Mercury 


switches because 


positive cl 


EDITOR'S NOTE: A good background on 


However, 


the 


switche 


osing and sufficient conta 
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onsiderable liquid 
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ing is provided by these previous artic 


Snap-action Switches, 


Apr 13 '59 


p 
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Electro-ionic Device, July 27 "59, p 
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made conducting or 
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VISUAL STRAIN GAGE FRINGE PATTERNS OF 


does work of three 


Equipped with a built-in polarizer, 

the photoe lastic rosette separates and 

measures the principal strains— 

giving direct readout of fringe dis- 

placement. Here’s how the new 

PhotoStress gage works, and equa- 

tions needed for calculating with it. (1) ZERO STRAIN cenditiee with 
frozen fringes in original position 

DR FELIX ZANDMAN, director of research & development ready for measurement. Pictures wer: 


Instruments Div, The Budd Company, Phoenixville, Penna taken with monochromatic light 


v photoelas bottom surfa Wher 


1 polariscopé ture, strains in the 
separate principal elastic disk. Thus 


ittached model subject to 
Is ¢ rosette because it do Because th 
rosette pattern of three resistance strail pattern, the ¢ 
of three par | \ photoelastic disk tl existing 
nanent strains have beet t 
ircular fringe 
has circular symmetry, so that th he axes of symm 
d circl n white light 2) A principal strain dit 


exhibits a permanent fringe pattern 


irried on top of th photoelastic disk 1 given principal ax 
button that fits into the hole > \ pal strain along the 


emented over tl centering button t the disk has been proporti d so that pa 


yf principal strail Aluminum paint ment along one prin il an is independent of 
| | | 


n surface to improve reflectivity ilong the other 


++ 


The measurement that g magnitude of 


How It Works 


bonded to the structure’s surface with a elastic fringe displacemet l t! gage Multiplyin 


strains is therefore reduced to the measurement of 


nt, but the bonding is done only along th« displacement by th nstant of the gage 
7¢ No cement i ipplied to th calculation method 4 I rain i 


f the rag 





PHOTOSTRESS ROSETTE !S A DISK made from photo 
elastic material cemented to the base metal surface around 
its outer periphery only. Circular polarizer, riding on top 
is made from a linear polarizer and a quarter-wave plate 
sandwiched between two layers of acrylic sheet. Angular 
scale pasted on top allows measuring the direction of 
principal strain. Scribed circle on back of gage indicate 
position of index fringe at zero strain 
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ROSETTE SHOW ZERO STRAIN AND THREE STATES OF LOADING 


(2) PURE TENSION, hence ratio of 


Bh 
(3) TORSION, hence ratio of principal 4) 
principal strains equals 1/3 (princi strains equals l 

pal axes correspond t« 4 ! respect to 


(principal axes 


axes ol 


ISOTROPIC LOADING 
h as hydrostati« 


at 
with 


specimen) 


conditior 
u com pressior 


1 thermal expansior 


not 
Ru at 


e 
ry 


] xes 
ull 


1 regions of high strain gradient 
| } 
Major Features 


Accuracy in routine analysis 
Cl] tra } t 


Rea 


++ . 


Accuracy of the gage is not as good as tl 
the PhotoStress coating technique 


} 
; 


accuracy ot 
dout is direct and sensitive 


’ t lempcerature limit on accurate 
; ; . li 
1} l t tra 


ctl , gage is about 140 | \ th 
Readout has constant sensitivity { 


pertormancs of the 


} 


strains are possible, since 
| . 


> e surface to 
lam strain roD f 


wn 
grease and scale 
+ 


metal surface is 
These Limitations 


be cit 


no 
ined with sol\ 


Simplest way to ap | 
determined area with a s 
1 heavy fillet « 

should not b 


Light is required so that the fringes may 
Any light w 


be observed is a problem on vertical surfaces 
sufice, but this need for illumination pr tape having double-adhesive 


possible with the metal surface 
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CALCULATING THE PRINCIPAL STRAINS Strain Axis 2 


The diagram at right shows what happens to the ienge frage | 
“frozen” fringe pattern when the PhotoStress rosette Sag ies -£, oe staan 
is strained by the stress field in the metal beneath it. 
The index fringe is taken as the junction between red 
and blue, called tint of passage, the easiest point to 
follow under white light. Under monochromatic light 
this junction line appears as an intense black fringe, 
and is sketched at right to avoid color problems. 

Calculation of the principal strains is based on the 
fact that fringe movement in a photoelastic material 
oceurs only as a result of strain change. When the 
photoelastic model has a constant thickness, then the 
relation between fringe movement and strain is linear 
if the frozen pattern has a linear radial-fringe gradient. 
The slope of this “calibration” curve is material con- 
stant 6, in microinches per in./in. of movement—as 
shown at lower left in sketch. 

By moving this curve to the right so that its origin 
coincides with the inner radius of the rosette, the 
equation for calculating « is easily constructed. 

At zero applied stress, the strain in the rosette is ' be 
e:, represented by the circular frozen fringe at r:. Material const b=), 
Strain e« is not given, but does not need to be. As a Fringe movement, r , , 
medium stress is applied, the frozen fringe distorts to 
radius ?m. Since the rosette is designed so that strain 
along axis 1 is independent of strain along axis 2, the from the diametral movement of the index fringe using 
applied principal strain is calculated. these two simple equations: 

@ = em — & = b(n — Ti) « = B(movement along strain axis 2) + c 

Since diameter distortion is easier to measure than « = B(movement along strain axis 1) +c 
radius distortion, a factor of 2 is introduced so that Constant ¢ is supplied with the rosette (about 700 
B = b/2; then microin/in.) and is used only when the index fringe 
e = Bid, — di) becomes fringe 2 because fringe 1 has disappeared 
Constant B is termed the rosette gage factor, and is along the axis of measurement. Sign of the strain 
supplied with the rosette. is plus (tension) if the index fringe moves outward, 

A complication arises as higher stresses are imposed. negative (compression) if it moves inward. - 

Fringe 1 distorts so much that its extremity in the Note that the PhotoStress gage can be designed so 
direction of « nears the edge of the gage rs and passes that fringe movement is not directly proportional to 
beyond it to some imaginary radius rs. If the rosette strain applied. Here, a calibration curve is used. 
were bigger, the fringe would show as the dashed line; 

however, the fragments do not intersect axis 1. SVMESLS 

Fortunately, a second fringe (representing a higher — Initial radius of permanent circular fringe pattern, fringe 1, 
intensity of strain) appears at the inner radius of the stressed. 
gage rs, before the frozen fringe disappears at the rs <— faa et of se emp fringe 2, anne ae ene. 
outer radius rs. Fringe 2 then replaces fringe 1 as the zh, mass Srnge t ateng steain ante | etter a en 
measuring or “index” fringe. The actual strain becomes 
the strain «, calculated from movement of fringe 2 the gage at outer edge after more stress is applied 
plus a constant representing the strain necessary to (ra nfs aay 
make fringe 2 assume the initial position of fringe 1. rx — Radius to fringe 1 along axis 1 after a high stress is applied 
This constant ¢ is the interfringe value, and is given by (fringe 1 is actually cut off by boundary of gage). 

— New radius to fringe 2 along axis 1 after fringe 1 reaches its 
e = b(r; — 17’) imaginary radius r,. 
The applied strain is thus «. + ¢, or — Initial strain frozen into the rosette, represented by the 
initial fringe pattern at r;. 
e = b(r, — ri) + b(n; — ri’) em — Total strain in gage along axis 2 after medium stress is ap- 
Converting to diameter measure 





\) 











Interfringe drstonce = constont 


'— ieee ie along axis 1 as the fringe eo ge from 


a — Poti strain in gage slong axis 2 as high stress is applied, 
e = Bid, — d;) + Bid; — d;’) (5) and as fringe 2 moves to new radius r,. 
«, — Applied strain along axis | 


In summary, the principal strains can be calculated « — Applied strain along axis 2 


with gage nn nna 
successfully 


( 
nts Divisio 


- 
1 24h led only about its outer edge, for resolution of 
1 the gag principal strain magnitudes and directions was de- 
ised with RCT. istman Kodak veloped by the late Dr Georges Golubovie in France 
nt that cur ; prior to 1956. The Golubovic device, however, re- 
cement that cures ) seconds un 2 Joie 

é S : quired auxil ary instrumentation for precision meas- 

ure at rool temperatul since YI - T) } ! 
—~ om nperatu nee 7} irements. The PhotoStress adaptation of the Go- 
e fluid than the epoxies, only a small cornet lubovic device adds a frozen fringe index pattern and 

' 


ipplied to prevent bonding of the com allows precise measurements to be made directly 
VI Stat adk onal instrument ) 
nterface. Cement 910 is more brittle, so maxi without additional instrumentation. 


HISTORICAL NOTE 


pt I using a hoo photoelastic disk, 


ust be reduced to 5000 microin/in mS nul sn 
TH) TUAQU ONT. HAT On 
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THESE FLUIDS 
for 500 F and above 


Many of them are stilllabeled “‘exotic.” But some 

are already at work in machine tools and aircraft 
hydraulic systems, and others are being readied for 
tougher specifications to come. Here are the major 
types and what they offer. 


ANNESTA R GARDNER 


Associate editor 


F urnaces cooled by liquid metals 


needing oils that stand 800 F and more heat-transf i 
units operating on mi lten salts the ire not dream t t it might seem that such fluids would 
or design nightmares) of the futur hey are drawing e nearly insuperable problems of h ng tubricatl m 
board realities of toc because increased effhicienc\ nd rosion. , that is not the c: Some 
often requires increased operating temperatut iolten salts are consi bly less cot e to a steel than 
For 400 F and below, it is possible to get plent rdinary wate nd some molten 1 ls are pretty good 
of military-approved petroleum oils and synthetic organics ibricant 
And in closed systems, several of the conventional fluids Bearing re being operated on liquid mercury, for 
though not rated for service above 500 F, can neverth nstance t speeds it ‘ 0 pn Tests of 
less serve quite satisfactorily at 500 F or even a bit higher 
heir flash points range from 350 to 450 F; but when 
protected from air, they are well able to stand the higher 
temperatures Examples of such fluids are California 
CHEMISTRY AND FLUIDS 
Chemical combinations of carbon, hydrogen, chlor- 
ine and fluorine form the basis for the new high- 
temperature organic fluids described in this report. 
other. Its flash point is a mere 375 F; but tests at North Their names are long and their structures complex, 
American Aviation show it n be successfully used in but most of them fall into the gencral categories of 
closed systems at temperatures at least to 800 F. It’s phenyl ethers, esters and diesters. Here, basically is 
. ; what these terms indicate: 
me of the primary coolants for North American Aviation’s Phenyl means simply that the basic structure in- 
organic moderated nuclear reactors Likewise, many ft cludes one or more C,H, groups—the farhiliar hex- 
the fire-resistant hydraulic fluids, like Mobil’s Pyrogards agonal benzene rings. Thus “chlorobenzene” 
and Monsanto’s Skydrols, may prove useful at tempera (C.HsCl) is also known as “phenyl chloride”; and the 
- polyphenyl ethers are literally ethers containing 
inany phenyl groups. 
An ester, the organic counterpart of a salt, results 
self-ignition points are well above 900 | from an organic acid reacting with an alcohol. (A 
But in open systems, or at temperatures in the 800-1 salt is product of interaction between an acid and 
to 1500-F range, new materials and new de sign approach an alkali.) P : : . 
: An ether is any organic compound in which two 
groups of atoms known as “radicals” are joined by 
, . an oyxgen atom, like this: C.H,-O-C,Hs. 
Old materials—new jobs A diester is an organic compound in which two 
Some of these “new” materials are actually familiar ester groups are joined to the central chain structure 
or ring. 


Research Corp's radiation-resistant fluids, Sun’s heat-trans 
rer oils, Carbide’s Ucon fluids ind silic ites and Esso’s 
new Humbletherm 500. Monsanto’s Santowax R is an 


T 
i 


) 
} 
tures well above those for which they were specifical 


designed, since they have no true flash point and thei: 


re needed—and are being found 


compounds—such as the molten salts, long used in heat 
treatment. But they’re being put to work in new ways 
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: ; , 
1 carbide cylinder rotating between paired V-blocks with 


1 sodium-potassium illov as the lubricant showed cocft 


cients of sliding friction ranging from 0.13 to 0.23 at 
bearing loads of 1000 to 1700 psi. And the fact that 
molten salts are successful as metal-drawing compounds 
indicates that thev, too, have considerable lubricating 
ibility The liquid metals also offer high thermal con 
ductivity and high bulk modulus One “packaged” 
sodium-potassium cooling system, for instance, designed 
by MSA Research Corp for copper crucibles of vacuum 
melting furnaces, will handle a heat load of 500,000 
btu /hi 

Another big advantage of the salts and metals: In gen 
eral, they're considerably cheaper and more available than 
the exotic chemical compounds serviceable at 500 F and 
ibove l'urthermore, many of the salts and metals are 
idaptable to electrical pumping systems far simpler than 


the pumps ordinarily used for oils 


Comparison with organics 


Still, none of the major types of fluids available for 
high-temperature service should be neglected when new 
designs are under consideration. Each material has its 
own advantages and limitations 

Che fluids available for service at 500 F and above 
today fall into three major categories: organic compounds 
liquid metals and inorganic salts. Pressurized water and 
such nonmetallic elements as sulfur are also used (sec 
hart), but these are special cases 

In general, the organics offer fluidity at room tempera 
ture, low corrosivity, and a fair degree of lubricity. But 
they do have a top operating limit well below that of the 


other materials; they may decompose even below thei 


} 1 
Ip limit under certain conditions; and they may cau 
rrosion even though the ire not themselves directh 


COrrosive Ihe breakdown products formed by thermal 


degradation of these compounds may attack metals di 


rectly, or they may promote corrosion by preventing free 
, 
flow of materials and by causing an uneven sludge buildup 


that will create local hotspot 


How liquid metals rate 


] 


rhe liquid metals and molten salts, on the otl 


nel 


aside from mercury and the sodium-potassium cute 


ire solids at room temperature and may pose sever 


problems 
Engineers who have been working with liquid sodium 
it Knolls Atomic Power Laboratory, Babcock & Wilcox 


Alco Products, and other laboratories—stress that sodium 


] 
will burn in oxvgen high temperatures and will react 


violently with water \ n oxygen is present. [Equipmen 


must, therefore, be Furthermore, the rapid 


thermal transients whi v occur in improperly op 
erated systems can caus¢ reme material stresses. Oth 
liquid metals may pos roblems in diffusion bonding and 
mass transfer: and some, like mercurv, are toxi 


Still, mercury has plenty of industrial uses whi 


} ] ] 
round these problem nd sodium-cooled valve 


cen used in truck engines for vears without duc 
been used in truck eng vears without undu 
lems Also, the liquid 1 ls have a number of 

tages here is no t yp operating temperature, they are 
idaptable to simple ( fective magnetic pumping 


} 


systems, and they are actually less corrosive to some com 
mon materials than are the organics or water loo, they 
have the high thermal conductivity and high bulk modulu 


that are desirable in many 1S¢ 


HI-TEMP FLUIDS—Liquid Metals and Molten Salts 





Material Bismuth Mercury 


Potassium 


Sodium- 
Potassium 
Sodium- Nitrate- 
Potassium Nitrite Water 


Sodium Eutectic Mixtures Sulfur (1500 psig) 





Melting Point, °F 520 621 —38 147 


208 12 290 234 





Normal Operating 


Temp. Range, °F 600 to 2000 700 to 2000 0 to 1000 


200 to 1200 


250 to 1500 100 to 1400 300 to 1000 260 to 800 500 to 600 





Boiling Point, °F 2690 3160 675 1400 


1620 1440 832 596 





Specific Heat, 
btu/Ib/°F 0.36 0.37 0.33 


0.32 





Volume Change 
on Fusion 
(% of Sol. Vol.) 





Absolute Viscosity 
(centipoises) 
500 to 700 F 1.1 
1300 to 1400 F 0.5 


1116 to 178 





Specific Gravity 10 





Thermal Conductivity 
btu/hr/ft/°F 6 8 7 


47 58 





Price ($/Ib) 2.25 0.12 2.80 


0.20 0.13 0.01 





Representative Asarco Asarco JT Baker 
suppliers Anaconda Eagle-Picher F W Berk 
Cerro Intl. Smelting Mallinckrodt 





DuPont EF Houghton Texas Guif 
Ethy! DuPont Freeport 
Nati. Distillers 
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These are the best organics For the most part, though, on liquid metals and molten 
salts the best sources of information are government pub 


. } > ' ' : 
The organic fluids showing most promise for high lications prepared by the Atomic Energy Commission and 


temperature development are, in gener il, those hydro ther agencies. Lists of these may be obtained (for 10¢ 


carbons which contain fluorine, chlorine, or silicon. They each) from OTS, Dept of Commerce, Washington 


ire complex materials, differing not only in composition, DC. There are three lists: Alkali Metals (SB 421), Liquid 


but also in structure. Some are basically alcohols, some 


ire esters, and some are ethers (see “Chemistry and 
Fluids,” p 45). Yo the engineers, the exact composition 
is unimportant. It would even be helpful if the chemical 
names could be ignored entirely—particularly since onc 
group of compounds frequently has several different names ABOUT THE CHARTS = 
in the literature. For instance, the phenyl methyl siloxanes Tabulated below are the key characteristics of more 
' than a dozen oils, metals and salts. It should be noted 
3 eit 4 that the charts show average properties, representa- 
ire also frequently called “phenoxy phenvls tive suppliers, and selected compounds. There are lit- 
erally hundreds of variations and combinations. The 
Where to get help AEC’s excellent Liquid Metals Handbook lists, for 
; instance, more than a score of liquid metals, half a 
Che var Ra COMprexity OF { mmpounds mak hundred binary alloys and innumerable tertiary and 
it especially important for the engineer to work closel quaternary compositions. Furthermore, for charting, 
with suppliers in ¢ fluids for high-temperature some compounds have been grouped together (e.g. 
super-refined mineral oils and diesters) because they 
“4 have similar properties even though made from en- 
Suppliers are less helpful when it comes to molten tirely different materials. 
salts and liquid metals his is primarily because th Because producers and users of organic fluids gen- 
materials thernselves are old and cheap, and these applic i erally speak in terms of kinematic viscosity, figures 
tions do not bulk large in th nark ting picture Sup for those compounds are given in centistokes (cs). 
: . , ° , The liquid-metals industry, on the other hand, uses 
pliers have data on density, melting point, and the like centipoises (cp), the units of zbsolute viscosity. To 
but are not nearly so active in exploring and promoting convert from absolute to kinematic, simply divide the 
heat-transfer and hydraulic applications as are the suppliers absolute (cp) figure by the specific gravity. Nomo- 
of organic compound here are a few notable excep graphs for the conversion can be found in a number 
tions MSA Research Corp. for instance. offers much of petroleum and hydraulic handbooks, and in the 
Bo» Saehag gaat transactions of the American Society of Lubricating 
Engineers. 


ire frequently called “silicones,” and the polyphenyl ethers 


service, and organic producers offer a good deal of help 


help on those it supplies, and even publishes a quarterly 
Liquid Metals Technology Bulletin, available on request 


to its Documents Contr 


HI-TEMP FLUIDS—t/e Organics 





CFE fluids Polypheny! Chiori- Develop- Super-refined 
Phenyl (chlorofivoro- ethers (phenoxy nated Poly- mental Fiuvoro- mineral oils 
Fluid type Silicones ethylene) phenyls phenyls carbon Fiuoroalky!l and diesters 





Pour Point, °F 50 90 to — 20 20 to 60 50 100 40 





Flash Point, °F 600 None 500 to 620 760 





Approx. useful- 
temperature range 


(open system) 50 to 500 20 to 500 40 to 700 50 to 600 65 to 650 0 to 550 40 to 600 





Specific Gravity 1.1 1.2 1.9 0.9 





Kinematic Viscosity 
(centistokes) 100F 60 to 2800 400 to 525 35 30 
S5OOF 0. 6to3.0 0.8 





Specific Heat, 
btu/Ib / °F 06 0.3 0.5 0.8 0.7 





Relative Lubricity Poor to good Fair to good Fai: to good Very good 





Approximate 
Price ($/Ib) 4 50 to 10 12 20 0.50 to 2 





Suppliers and Dow-Corning Hooker Chemical Monsanto Monsanto EF Houghton DuPont Esso (oils) 
information scurces General Electric Pennsalt Dow Chemical Lehigh (diesters) 
Union Carbide Halocarbon Prods. Shell Development 
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Metals (SB 424), and Molten Salts (SB 425). Other ex system even where an open one would otherwise be satis- 
cellent sources are the many papers on high-temperature factory and acceptable 
fluids presented at recent design-engineering conferent compromising between good low-temperature and de 
ind ASME and ASLE Meeting sirable high-temperature performance. Usually, the lower 
the pour point or melting point, the lower the flash point 
or boiling point. The organics that show greatest heat 
Summing up, the Major design proble ms and answers resistance are not very fluid at room temperature; and most 
using these high-temperature fluids lie in of the metals, alloys, and salts are rock-hard until heat is 
. Clearly defining the operating range, viscosity ipplied. 


Points to check 


lubricity service life, and other critical requirements Finally, remember that the 500-F-and-above fluids 

selecting fluids and construction materials that ar listed in the charts are those most popular and practical 

- ’ today— ‘ ) 5 y ones x test. A 

compatible in both directions fluids which will not cor xlay—they are by no means the onl — wader tes , 

rode containers. and containers which will not contaminat raft of new organic fluids is being studied—many extremel: 
UA U al IS, « i CU LLIC LS V it Wilt iO U il ~<a - ; ¢ 
os cossnda teid promising though still fantastically high in cost. 

cr : 

Liquid rubidium is another brand-new material being 
put through its paces. Liquid sulfur is getting a full-scal 
Se | ed 5 
test as a possible heat-exchange fluid or nuclear reactors 
ind non-nuclear boilers 


taking advantage of the special properties of such 


fluids as molten metals in selecting pumping and handling 
g ping 


systems, while providing for their special problems 
] - | | 


“freezing” at room temperature, for instance 
° ‘ [he search for low-melting metals continues too—much 


it under AEC contract—with attention being centered 
on ternary and quaternary alloys that might provide low 
melting eutectics. One recent find: an unusually low 

avoiding leakage, even where it may not pose fir melting Co-Ce-Pu combination; this one of limited use, 
hazards. These materials are far from inexpensive. It 
may be advisable to design a completely closed, sealed 


compensating for the relatively poor lubricity an if 
wide viscosity range of many of the materials with rela 
tively slow, low-load designs 


f course, but a good example of what may develop as 
research in this field continues 


EDITOR’S NOTE: For more on fluids like Material? Mid-Sep '59, p 535. Com- Pumps, June 6 '60, p 42—A 
and related design problems, see patibility table, solubility parameters with 
Modern Fluids for Power and Control, and other factors related to choice of 


Jan 18 '60, p 56—A review of the bet sealing material 
ter-known synthetics, and of the seal Nomographs for pump capacities from 


ing materials used with them For basic data on pumps and pump 0.1 to 1000 gpm, and pressures from 1 
Hydraulic Fluids—Which Rubber design, See Positive-displacement to 10,000 psi 


roundup, 
diagrams and tables, of all the 
major types. Also, How Much Power 
to Pump Liquids? Feb 22 '60, p 59 





now ready: combined reprint on 
HUMAN ENGINEERING 


Complete text, data and illustrations, published in a single 44-page booklet: 


Human Dimensions 
Correlation of dimensional data from many sources as it applies to reach, vision, space enclosure, 
seating and standing 


Touch and Vibration Sensitivity 
Maximum and average fingertip and hand sensitivities as a function of frequency and amplitude 


Choosing Selector-switch Knobs 
Specific recommendations for things to avoid, as well as commendable objectives 


Designing Control Consoles 
Guides to effective arrangement of instruments and controls; 10 basics when designing consoles 


Readable Panel Markings 
Three criteria for labels, counters, legends; lettering for visibility 


. What Size Access-openings 
Minimu.n dimensions for service openings needed by the finger, hand, head and body 


Props for Operators 
Designing the dynamic work area to give the operator room to slump, twist and stretch; for 18 
different body positions 


And 7 More Articles 
Copies available at $1.50 each, including postage. Send orders with remittance to 


Reader Service Dept, PRODUCT ENGINEERING, 330 W 42nd St, New York 36 
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PRODUCT DESIGNS 


The unit is two pumps in one—diaphragm 
actuated by hydraulic plunger. Only 

the diaphragm section handles the corrosive 
or otherwise troublesome fluid—comes 


in wide choice of pumping heads. 


Pumps Oil to Pump Problem Fluids 


PLUNGER PUMP is positive-displace 
ment type, operated by an electric mo 
tor driving a worm and wheel. The 
eccentric mounted on wheel drives 
a rod against the pump plunger on the 
forward stroke; return stroke is pow 
ered by the plunger spring. The re 
ciprocating plunger forces oil to move 
the diaphragin back and forth, produc 

ing the pumping action in the fluid 
pumping head. Meanwhile, diaphragm 
serves as barrier, protecting inner 
pump from contact with the fluid. The 
pump is converted to pump different 
fluids by changing the entire pumpin 

head. 
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Micro 


(| 


Eccentric ond 
geor assembly 


Chechva/ve Pumping 
Diaphragm ~ \ head 
Air vent. \\\ Qutlet 
Vocuum compensator valve 








Pressure 





























Plunger relief 
} | volve i 
Plunger spring * \ Checkvolve 


NONMETAL CONSTRUCTION \ 

with valve seats, gaskets and diaphragm of 
will pump hydrochloric acid, mixed acid, mets 
or chlorinated and brominated componuds 
are covered with metal or fibe 
protection 


1 or gia 
This head 


salt solutiotr 


REMOTE HEAD (8B) for dangerous solutions, will pum; 
meter liquids that are toxic, lethal or explosive. This prin 
head and its valves are installed in a sump or safety cell and 
connected by hydraulic line to a secondary pumping head 
which is mounted in the pump itself. The primary head 
leakproof, all-welded construction without gaskets or bolt 
Remote heads can be operated submerged in heated 
frigerated liquids 


ary 


is 


PS Hundreds of head assemblies have been designed by the 
manufacturer for corrosive and hard-to-pump fluids such as hydr 

fluoric acid, aluminum sulfate, molten napthalene, liquefied gases 
molten metals, metallic slurries, radioactive fivids Replaceable 
heads allow using the unit as pump, chemical feeder, filling 
machine, proportioner sampler gos compressor or meter; and to 
handle flows from 1060 cm’/hr to 720 gal./hr at pressures o 
0 to 7000 psig. Microflow described above is smallest model of 
Pulsafeeder line by Process Equipment Div, Lapp Insulator Co 
LeRoy, NY 


; 
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Transistorized 
Tuning Fork 
Runs Wristwatch 


It’s driven by an electronic circuit 
that makes the watch accurate 
within one minute per month. 
Replaceable power cell lasts 


one year. 


TUNING FORK replace balance wheel as time standard in 


lis watch. Its frequency remains constant at 360 cps, but 
amplitude may vary when watch is moved. To maintain ac 
curacy, the mechanical part of the system allows for variation 
of amplitude within specified limits and electronic part of the 
system keeps amplitude within these limits 

Post on one tine of the tuning fork carries jewel-tipped ir 
dexing finger which moves first gear in the train running to 
the hands Average total excursion for indexing finger i 
two teeth. Starting from the center of a tooth (A) the finge 
moves back the equivalent of one tooth (B) and advances 
two to rotate the index wheel 1% teeth (C). When the fork 
returns to center position, the finger retreats one tooth (D 


While retreating, the finger and pawl rotate the wheel one half 
tooth backwards into contact with the holding pawl 
Although the indexing finger has a total excursion of two 
teeth, it only moves the indexing wheel one tooth As long 
amplitude remains between limits of slightly more tha 
tooth and slightly less than three teeth, wheel advanc« 
nail one tooth per cycle 


PS Mercury power cell fits into recess in back of watch 
Long life is possible because power drain is only 8 millionths 
of a watt. Accutron is manufactured to sell f from $175 to 
$2500 by Bulova Watch Co Inc 
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Orive coil and 
phase sensing Cot 


RIZED ELECTRONIC CIRCUIT |} 


the tuning tork 


TRANSISTO 


ons: drives 


Drive coil No f 


as swit« 


Resistor Drive coil No. 2 redone 
oy case slightl ighe 
Fower cel/ a lig tly 

As the fork vibrate 
nd drive coils. When t 


ced voltage in the 


~~ 
nal 
Capocitor 
cting to the 
ils. Once e% 
gh push to maintain 


When the fork changes direction 





sensing coil drops (then reverses) 





<—— /Jronsistor 
fire the transisto 


low that required to 
Between the time 





stops conducting 





conducting and the next tim 


chance to leak its 

Voltage induced in the 
keep tuning-fork amplitu 
weren't limited, linkage 

less teeth on the in 
hands an incorrect amount 
induced in the driving 
passes current, this ir 

Normally this 

battery voltage but 
ference is less than 
to the fork is 


lerence 1s 


MODULES—-1 
tuning fork with 


t not repaired 
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NICHOLAS MILLER DIMENSION ANALYSIS 


Dole Valve Co 
Morton Grove, Iil 


to me to OF HELICAL 


nounce that Mr Miller 


paring this ertile, Ho ION SPRINGS 
paring this article. He COoONnMi fied oe ESS 

was associated with 
Hotpoint Co and 
Dole Valve Co for 
30 years in the ca- 
pacities of mechanical 
engineer and de- 
signer 


If standard tolerances aren’t good enough, you must 
specify your own. Where do you start? The author’s me- 
thod tells you and shows how to hold down costs as well. 











F he most economical helical compression spring tolerance AL modifies the actual deflect 
call for dimensional tolerances that are in accord- tolerance on the number of active coils affect 
ance with established standards. But sometimes deflection per coil 

the more rigid requirements of a particular d In the standard equation f f the f 
sign won't allow this. Then you must tighten limensional tolerances can combine with th 


dimensions to produ 1 max 


some of the tolerances. The money-saving way nominal spring 

to do this is to give the spring manufacturer some mum or a minimum fo When it max 

leeway by making the remaining tolerances a mum, the corresponding force increment is to be 

liberal as possible. This calls for analysis of the idded to the nominal force and is represented 

tolerances that affect the following spring para by Al When it is minimum, tl ncrement 

meters 1) force increment; (2) deflection in is to be subtracted, and 

crement; (3) spring-rate increment; (4) shea Assuming the four dimensio 

stress increment The tolerances involved ar effective simultaneously, the ex 

those on wire diameter, mean coil diameter, th« tions are as shown in the table 

number of effective coils, and the free spring But since normal manufacturing toleran 

length. md AD are generally small relative to their nom 
The equations presented in the comprehensiv inal dimensions, the exact equations shown in th 

table at right give a clearer picture of the table can be replaced with approximate equation 


. l x 4 Ad d) 


effect of a combination of tolerances on spring ilso shown) by substitutin 


parameters, thus speeding up calculations. In (1 + Ad/d)*, and (1 + 3 AD/D) for (1 
addition, the table shows approximate versions 4D/D)*. In both cases the maximum po 

of those equations; the approximations save still and negative increments can be averaged to give 
more time, yet retain accuracy. Here is how an average maximum increment. In eith« 


t 


they apply to each parameter exact or approximate equations the effect of a1 

one of the dimensional tolerances can be obtain 

by setting the other three tolerances to zero and 
When a spring is compressed to a fixed or con tabulating the resulting tolerance as shown. The 

stant le ngth, the resulting force can be calcu values of the average force-ratio, 

lated in terms of the nominal spring dimensions 


1. Force Increment 


AF 


by the standard spring equation, shown in the . 
Pave 


comprehensive table. However, the actual force 
produced is influenced by the four dimensional ire obtained by discarding the 
tolerances Ad, AD, An, and AL. The free length AD and An 





SYMBOLS 


d — Wire dia, in. dimensional tolerances, |b Af — Deflection increment due to 
Ad — Wire-dia tolerance, in. — Torsional modulus, psi dimensional tolerances 

D — Mean coil dia, in tie length of compression (Pp 
AD — Mean coil-dia tolerance, in. . « — Nominal spring rate, w/in. 5 


C — Spring index 2 i . inerement due to 
An — Active-coils tolerance dimensional tolerances, Ib/in. 
F— — Noioa wing force, lb j— Nominal deflection of spring at S — Nominal shear stress, psi. 
OF — Feo ort ree increment due to a given force, in. AS —- Shear-stress 


bine dior 
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COMPREHENSIVE TABLE—-INCREMENT RATIOS AND TOLERANCES DERIVED FROM STANDARD EQUATIONS 


Tolerances 
Increment Ratios 


Force 


Deflection 


Spring Rate 
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HELICAL SPRINGS 


2. Deflection Increment 


\ 


| 


rt 


+} 


! 


} } 
ciene 


tor 
1On 


withi 


; 























of 02 03 04 05 06 
Meon C Dio, 0 


2 
° 
S 


oO [o] 
> 
D> 
o 


Coil - diameter Tolerance, + AD 








15 
12 
; 
6 
5 
4 
3 
/ 
JQ|° 
2 
£ 
z 
B 








vw 
o 


Number of Active Coils per int 


COIL-DIAMETER TOLERANCES for 
ameters up to 1 in. and spring indic« 
diameters 1 to 5 in., and spring indice 
ance ratios, AL/L, for springs with 


prings with (a) mean coil di 
from 3 to 15 (b) mean coil 
} to 15; (ec) free-lengeth toler 
indices 3 to 15 
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EQUATIONS TO WORK 


Here is an example showing how to use the 
simplified method to solve a typical problem. 
Commercial standards for the example are 
listed in the tabular material on page 57. 
These tole rances Teprese nt available comM- 
mercial standards. Various spring manu- 
facturers have their own standards, some of 
which may he more precise than those 
shown. COMMERCIAL TOLERANCES 


coils and spring ex of 


GRAPHICAL METHOD 
tion of probable valu 


; 
orce lefie 


length 


; 


the incremen manufactur 
which are der | fi verage” increment equ 


tions in accordance with the distributive laws. ‘The va 


of the quantit nder the | is nveniently obtains 


ty 


graphically by iangles as 


in diagram at 

he numerical values for tl spring show tha 

the probable vali yf the force in ent AF is 

base | mn the ‘ ' | to I this force to 

ince is permissil th imp! pring yuld 

yroduced at a minimun 

Lloweve hould tl d n f design limit th pring man 

tolerance; for example, 1.00 Ib, it would then vith a deflecti 


in the equation with Any limi 
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PUTTING THE EQUATIONS TO WORK continued 


CALCULATED INCREMENT RATIOS AND TOLERANCES FOR SAMPLE SPRING 





Tolerances Increment Ratios Increment Ratios 
~ . (based on sum of (based on tolerances 
single tolerances taken simultaneously 


Increment Ratios —— 
AD 


Exact Equat ons 
~ 0.0341 0930 
| 


0.0319 0930 


0800 n 525 +0. 0330 +0).0930 


Approx. Equations 


AF 4 
0800 0.0341 0930 
I WAX 








OS00 0499 0.0319 0930 








0800 " +- 0.0330 +0.0930 








0.0330 


0516 0.0330 


\f 
; 0802 t +-0.0330 
lAVE 


Deflection (Approx Equations 


aj - 


0.0330 











Jm Ax 














0.0330 


+0. 0800 : 525 +0. 0330 





























SAMPLE SPRING—EQUATIONS VALUES FOR AVERAGE AND PROBABLE INCREMENTS 





Average Increment Probable Increment 
Equation Equation 


(4 “ +3 AD = + a .F al («24)'+ (92)'+ (28)'4 (#y 
Sees ACEP 


An 7, ad\", (.4D\*, (an\? 
Spring Rate 20, (447)'+ (a D +(*) 


Increment 












































a 
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of +1.40 lb can be treated similarly, The spring rate for 
the sample spring should be gaged between two force or 
deflection limits and specified as: 13.90 + 1.40 lb/in. 
between 9.6 and 11.6 Ib or 13.90 1.40 lb/in. be- 
tween deflected lengths of 1.24 and 1.10 in. 

It should be noted that the equations are based on 
dimensions with equal bilateral tolerances. Dimension 
with unequal or unilateral tolerances are to be transformed 
to the equal bilateral form with the same limits. For 
example, if the coil diameter is specified as D = 0.400 
+0.008 in. and —0.006 in., then for use in the formulas 
the equal bilateral tolerance becomes +4 (0.008 + 0.006) 

0.007 in. and the corresponding dimension is 0.401 in., 
giving the limits 0.408 max, 0.394 min. If the specified 
coil diameter is D = 0.400, +0.014 in. and —0.000 in., 
then the equal bilateral tolerance is +4 (0.014 + 0.000) 
= +0.007 in. with the corresponding dimension of 0.407 
in. and the limits 0.414 max, 0.400 min. 

Although it is improbable that with effective quality 
control the four dimensional tolerances will combine to 
produce a max or min effect; it is quite probable that 
single tolerances can occur at their max or min value. 
For this reason the available space should be checked 
against the max and min dimensions of the spring. 

[he spring manufacturer could adjust the coiling ma- 
chine to compensate for the variations in the wire diameter 
to obtain a specified force, deflection, or spring rate. ‘The 
following tabulation shows the variations in the single 
dimensions required to compensate for +0.001 in. vari 
ation in the wire diameter of the sample spring. 





Variation 


Compensatory Dimensional Variations 


Ad | An AL 


+0.001 


+0.011 +0.800 0.071 











I'he compensatory variations in AD or An exceed the 


normal manufacturing tolerances; therefore, to meet re- 


stricted specifications with respect to force, deflection or 
spring rate, it is desirable to make the tolerances flexible 
so that they may be distributed and excessive individual 
variations avoided. & 


EDITOR’S NOTE—Additional information on many other 
factors involved in spring design may be found in the fol 
lowing articles: 

How to Predict Buckling and Unseating of Coil Springs, 
July 18 "60, p 62—Here are the latest equations for pre- 
dicting what happens when coil springs are compressed 
between parallel or noiuparallel plates. 

How Light a Spring for Absorbing Shock?, Feb 1 ‘60, p 
49—You don’t even have to know the spring’s dimensions; 
these equations quickly find the lightest type needed to 
absorb impact of a mass. Dimensions can later be varied 
at will without affecting the weight analysis. 

How to Design Multirate Helical Springs, Jan 20 '58 p 76 

Two special methods for assembling springs in series to 
obtain multirate characteristics. 

Your Guide to Springs That Store Energy Best, Nov 10 
"58, p 71—Equations and tables that give definite compari- 
sons among many materials and spring types. 

29 Ways to Fasten Springs, Dec 21 '59, p 66—A rundown 
of ingenious attachments for extension, compression and 
torsien springs. 
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Wire Gage Number 


Wire diameter for springs is generally specified in decimals 
according to a gage number. There are three gage systems in 
use in the US for round spring wire. 

Wasburn and Moen Gage, also known as Steel Wire Gage, 
is used for hard-drawn or oil-tempered spring wires and for alloy- 
steel spring wires. Between each of the original W & M gage 
numbers, three additional or split-gage numbers, designated as 
V4, Y2 and 34, have been inserted, reducing the steps of con- 
secutive wire diameters by 0.007 in. for the larger sizes, begin- 
ning with No 7/0 or 0.490 in. diameter, The smaller sizes, below 
0.010 in. diameter, vary by 0.0001-in. steps. 

Music Wire Gage developed by American Steel and Wire Co 
is for piano or music wire with sizes varying from No 6/0 or 
0.0040 in. to No 45 or 0.1800 in. diameter. 

American Wire Gage (same as Brown and Sharp Gage) is for 
all nonferrous round spring wire with sizes varying from No 4/0 
or 0.4600 in. to No 40 or 0.0031 in. diameter. 


MUSIC WIRE TOLERANCES 


Diameter 
Up to 0.0160 
0.0160 to 0.0620 
0.0620 to 0.0800 
0.0800 to 0.1040 
0.1040 to 0.1440 
0.1440 


Tolerances 
+-0.000, 25-0 .000,00 
+-0.000, 50-0 .000,00 
+-0.001 ,00-0 .000,00 
0.0010 
0.0015 
+0.0020 


(data from Spring Manufacturer's Assn) 


WIRE TOLERANCES—CARBON STEEL, HARD-DRAWN OR 
OIL-TEMPERED 
Diameter 


Up to 0.0750 
0.0750 to 0.3750 
0.3750 


(from 1957 SAE Handbook) 


Tolerances 
«0 0010 
«0.0020 
«0.0030 


VALVE SPRING QUALITY AND ALLOY STEEL 
WIRE TOLERANCES 
Diameter 
Up to 0.1480 
0.1480 to 0.1770 
0.1770 to 0.3750 
0.3750 


(from 1957 SAE Handbook) 


Tolerances 
«0.0010 
«0.0015 
#0 0020 
«Q.0030 


TOLERANCES ON COPPER-BASE ALLOY SPRING WIRES 


Tolerances 
Phosphor-Bronze & 
Beryllium Copper 


Diameter Brass 
Up to 0.0100 

0.010 to 0.0200 
0.0200 to 0.0300 
0.0300 to 0.0400 
0.0400 te 0.0500 
0.0500 to 0.0600 
0.0600 to 0.0800 
0.0800 to 0.1500 «0.0010 
0.1500 to 0.5000 «0.0015 


(data by H. C. R Carlsen, PE—Feb "49 p 103) 


*0.0001 
0.0002 
0.0003 
*0.0004 
0.0005 
«0.0006 
«0.0008 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, N. Y. 
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New Electronic Counters provide 
simplified operation, automatic control 
for Original Equipment 


Veeder-Root Electronic Predetermining Counters are now being used 
to improve machine efficiency by providing varying degrees of auto- 
matic control as original equipment. 

These new electronic counters count electrical impulses. This makes 
them extremely versatile and suited to design innovation because 
these pulses can be supplied by photoheads, snap-action switches, me- 
chanical contactors, impact and proximity switches, and the like. 
Photohead actuation alone has almost limitless application potential, 
and is ideal for high velocity, non-contact counting at any stage of a 
machine's operation. 

The predetermining action which actuates machine controls, sig- 
nals, etc., can run the extreme from a single stop motion, with only 
one bank of selector knobs all the way to multiple banks which are used 
to set up a series of stop motions, usually sequentially. There is no 
theoretical limit on the number of banks (or sequential stops) that can 
be provided. Counting speeds are available up to 5000 counts per 
second, and even higher in special applications. Instantaneous reset 
and automatic recycling are also valuable features. 

Some of the many possible counter variations are shown below. Both 
the 1804 Series, Electronic, and 1601 Series, Electric, Counters are pro- 
viding this type of control as original equipment on a variety of ma- 
chines, from bacon slicers to plastic film extruding machines. Design 
and engineering assistance is available to help achieve maximum operat- 
ing efficiency for your equipment. 


This is co panel mounted Series 1804 Predetermining 
Counter designed to control operation of a bacon 
slicing machine. Top bank of knobs is preset to 
number of slices in each package, other set controls 
total number of units or packages. 


(A) 
These are a few of the variations in predetermining control available * reached. (B) Series 1501 Counter, designed for sequential contro! 
with the Veeder-Root Series 1601 Electric and 1804 Electronic Count- based on six preset quantities. (C) A four figure counter incorporating a 


ers. (A) For measuring film footage; when number on top set of dials is batch totalizer. (DB) Series 1601 Counter with five figures, one set of 
reached machine is slowed down, then stops when lower number is preset numbers and a totalizer for counting cycles or batches. 


Simplified Schematic of the Veeder-Root Series 1804 Electronic Counter 


TOTALIZER 











DECADE TUBES TRANSISTOR 

PULSE SWITCHING COUNTER 
STRETCHER CIRCUIT OUTPUT 
RELAY 


LIGHT 
SOURCE 





TRIGGER 












































Send for complete information and data sheets . . . Take full 
SELECTOR SWITCHES advantage of Veeder-Root Electronic Counters to provide 
maximum efficiency and operational advantages for your 
equipment. Contact your nearest Veeder-Root Counting 
Veeder-Root Electronic Counters are designed to your specific Engineer, or write direct. 
requirements. These are some of the many operations now being 


performed with this modern control method. V e e d e r - R t 
measuring batching mixes packaging rolls 


bin loading can counting coil winding 

pill packaging bread slicing labeling machines HARTFORD 2, CONNECTICUT 

tube cut off cap counting nail packaging "The Nie that ¢ 

bag counting flow measurement conveyor control Couald 

tool control predetermining revolutions New York * Chicago * Los Angeles * San Francisco * Seottle 


St. Louis * Greenville, S.C. * Altoona, Po. * Montreal 
POC SER OO ROH vao-24 Offices and Agents in other principol cities 
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PRODUCT 
ENGINEERING 


7 more HANDLES 
for PRINTED CIRCUITS 


A handy guide to easy withdrawal and handling of these 
circuit boards. An earlier selection was presented in 

the Oct 10 issue. 

| N SCHUSTER, pr 


Raytheon Co 
Wayland, Mass 





1 CABLE CLAMPS AND STRAPS are readily avail 


many styles. By usir olderable materials, handle 


2 MORE COMPLEX SHAPE of 
is often preferred when | 


portant feature 





3 WIRE OR SHEETMETAL |} 
fo ed either as f | handle 
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FLEXIBLE COUPLINGS 








Compensating for misalignment in Viking Wire Co., Inc. 


Wire drawing subjects machines to considerable 
shock loads. The Viking Wire Co., Inc. has a battery 
of 26 machines in the drawing room. This is one of 
the newest plants in the industry and has the latest 
in machinery, equipment and methods. 

“U.S.” Flexible Couplings were selected for all 
the machines (see picture) principally to absorb 
shock loads and compensate for misalignment. 
Other reasons for selection were ease of installation, 


Mechanical Goods Division 


lack of maintenance or lubrication and just plain 
overall efficiency. 

These couplings are so simple in design that the 
cost is very low compared with other couplings. 
Insist on having these tried on your machinery — 
and then watch your costs go down. 

One sure way to get expert transmission engi- 
neering is through your U.S. Rubber Transmission 
Distributor. 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. 


60 CIRCLE 60 ON READER SERVICE CARD 


In Canada: Dominion Rubber Company, Ltd. 
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PRINTED CIRCUITS continue 


Copper strip 











| PRODUCT 
ENGSINLERING 


4 SLOTTED ROD, held by eithe: 
a screw or adhesive, is most suital 
when more robust fastening 
required 


/ategral 
slides 


6 BOARD-STIFFENING FRAMES have integral slide su: 
Method suitable for either press-forming (A) or extru 


5 SPLIT TUBING can be slipped 
onto panels and retained by spring 
effect, or a copper strip can be left 
to provide a shoulder 


7 DIE-CAST AND MOLDED handles can be provided if needed in qu: 
large enough to justify added cost of tooling 
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NEW FROM HANNIFIN 
THE THOUSAND POUND LINE! 


for hydraulic circuits 
using 1,000 p.s./. pumps 


Now, for the first time in hydraulic cylinder manufacture, Hanniiin offers 
a top quality cylinder tailored to the medium-high-pressure hydraulic 


e A true hydraulic cylinder circuits you operate off 1,000 p.s.i. pumps 


— not a modified air 
Series “‘L,”’ the ““Thousand Pound Line,”’ is NOT a modified heavy duty 
air cylinder. It is built for the job ... with steel heads and steel barrel for 
full compliance with J.1.C. hydraulic recommendations. Other extra- 
quality features include an induction hardened and hard chrome 
— 1” through 8” plated rod, nodular iron piston with cast-iron piston rings — leakproof 
“Lipseals’,”’ optional — longer cushions on cushioned models, and 
oe Every model withstands at the Hannifin-developed bronze cartridge gland with both “Lipseal’”’ 
‘ and ‘“‘Wiperseal”’ to keep the rod drip-free. S.A.E. straight thread “‘O”’ 
ring ports as recommended by J.|.C. are optional at no extra cost just 
as they are in the Hannifin heavy duty Series ‘‘H’’ hydraulic cylinder. 


evlinder 


e Offered in nine bore sizes 


least 1,000 p.s.i. in every 


bore size 


Parker-Hannifin field engineering service can help you meet your needs 
precisely, help you select the proper Hannifin cylinder for any service, air 
or hydraulic. Call your nearest Parker-Hannifin sales office or write direct 
for our new bulletin giving all dimensions of Hannifin Series ‘‘L’' cylinders 


e Built to save you money 


— yet not “built to a price” 


— 


ARKER MAN MEE SOMOCANY 
poe matin b A DIVISION 


cenes 525 South Wolf Road «+ Des Plaines, lilinois 


Hy 


Pyne JIM ATIC 
RR 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 














Integrated power-transmission components . . . 
from engine to axle for heavy-duty veh nclude torque-cony 
int. ‘Transmission ha 


Apr Iwin Disc Clutch Co, Hydraulic Div 


1 tor ! 
d, Ill 


Rockfor 
Circle 300 on Reader Service Card 





re, handling all sondand hydraulic fluids 
Flow-divider valve ... it up to 250 | ine models are avail Magnet-operated limit 
ver ible, with or without manual controlled —_ gwiteh 


ipa 


ts output from on 
I 


dit 
, 


idjustment, and rang 
from 15 to 80 gpm. Fawick Hydraulic r 
Electronic Div, Fawick Corp, 9919 Clin 
ton Rd, Cleveland 11. 
Circle 301 on Reader Service Card 
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COMPONENTS * MATERIALS * PROCESSES 


continued 

) reopen. Permanent magnets can 
lled on any portion of equipment 
ntrolled. In addition, both mag 
witch can be fixed and switch 
vane of magnet 

the two. Magnets are 

24 in. long or 1 1.18 


. ’ 
Switch is available 


in. long ( 
tact ratings of 0.75 amp make, 
and break at 115 v ac. Re 

( 1 se When used 


quires are 


| 


suppre SSic 
ich va vith circuit parameters. Gen 
eral Electric Co, Schenectady 5. 


Circle 302 on Reader Service Card 


Antibacklash adjuster .. . 

vas developed for tuning potentiomet 
variable condenser 
SeTY i hand 


ipment 


ql 


in.-lb, hand-oper 
i 4:1. Spiroid Div, Illinois 
Tool Works, 2501 N Keeler Ave, Chi 


cago 39, 


Circle 303 on Reader Service Card 


: 


- 


/ 7 | 


1-hp printed de servo motor... 
is for operation at 2500 rpm. 1l¥% it 
thickne possible by use of 
barium ferrit r similar cerami 


Weigl 


magnet 
erformance advantas 


; 


l-hp motor are being 
printed circuit model 


vith Alnico 


magnets 


and having continuous-duty rated torque 
values of 12, 42.5, 150 and 1000 in.-oz. 
Use of ceramic magnets instead of Alnico 
magnets results in about 3:1 reduction 
in shaft torque output. Prototypes are 
$1500, with 6-wk delivery. In quantities 
of 1000, price drops to $280 each, with 
In lots 
of 200, motors are $350 each. Photo- 
circuits Corp, 31 Sea Cliff Ave, Glen 
Cove, NY. 

Circle 304 on Reader Service Card 


production delivery of 50 per wk 


Direct-writing photo paper .. . 
originally developed for use in diré 
writing 


oscillographs is available in stand 
0.0045 and 
0.0025 in. thick). Writing speed is up to 


ard and ultrathin weights 


40,000 in. per sec, approaching speed of 
fastest 
available 


] 
to last 


onventional photorecording paper 
High-contrast tracing is reported 
indefinitely with proper handling, 
uuse it is dry-process photorecording 
Development or intensification 
room light, with 
appearing in 15 to 30 se Avail 
in 100- to 475-ft rolls, 6 to 12 in 
wide. Priced from $8.10 to $66.65 per 
roll, list. E I du Pont de Nemours & Co 
Inc, Photo Products Dept, Wilmington 
98, Del. 
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in ordinary 


Pancake dc torque motors . . . 
are for use as high-performance torqu 
Multipole, 

nent-magnet torque motors measure 33 in 
OD x 1% in. ID x 1 in. thick. Offers 2.2 
in.-oz torque per w with peak torque of 
165 in.-oz. Giannini Controls Corp, 1600 
S Mountain Ave, Duarte, Calif. 


Circle 306 on Reader Service Card 


or direct servomotors perma 


Air-hardening die steel . . . 

is said to have hardening temperature low 
enough so that it can be heat-treated with 
out use of expensive furnaces. Free 
machining properties are reported to be 


40% better than 
ing steels used for the same type of dies 
It is 10% min tougher than these oil 
hardening grades. Crucible Steel Co of 
America, Pittsburgh 22. 

Circle 307 on Reader Service Card 


onventional oil-harden 


Pressure-sensitive felt tape . . . 
in three types are for sound-deadening, 
ushioning, dust and moisture sealing, and 
insulating applications. Available as un 
treated felt with adhesive on one side and 
backing; 


protective asphalt-treated _ felt 


vith pressure-sensitive adhesive; wax-im 
Adheres 
Available in 
various thicknesses and widths, packaged 
in rolls. Presstite Div, American-Marietta 
Co, 39th and Chouteau Ave, St Louis 10. 

Circle 308 on Reader Service Card 


pregnated felt, chromate treated 


to most types of surfaces 


Clip-on receptacle .. . 

for quarter-turn fasteners is made of hard 
cadmium-plated. Receptacle 
r punched or drilled hole and 

commodates frame 

f 0.055 to 190 in. Toler 

Stud, which 


s into receptacle, is slipped through 


Clip a 
misalignment of parts 


le in door and kept there with split-ring 


er. Fasteners with clip-on receptacles 
ire available in oval and flush head styles 
Southco Div, South Chester Corp, Indus 
trial Highway, Lester, Penna. 


Circle 309 on Reader Service Card 


Open center cam index 
drive... 
in be used t 


ence hig 


index tables that experi 

1 thrust and/or radial loading 
onditions on trunnion and dial type auto 
mated machines, stationary center column 
machines and machine tool 

Sealed cam-index drive is said to have 
excellent plate 


continued on page 66 


spec ial 


stability, with follower 
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Why use this so-called 


extra-light™ bearing (AFBMA N 


Lele) lente) 


when all 


me pat ae / 4 


~ 


é. 


News from Kaydon! 


Reali-Slim bearings off the shelf 
...prices slashed up to 76% 


*Five of the six series 
of Type ““CP"’ Reali 
Slim bearings are 
smaller in cross section 
than the AFBMA 
standard ‘‘extra-light"’ 
series bearing shown 


above 


Up to 85% lighter, up to 70% narrower 
than the lightest of the ‘“‘extra-lights” 


More than 80% of all present standard 
“extra-light” series bearing installations 
never require the full capacity of the bearing. 

Kaydon now trims this expensive bearing 
excess! Kaydon Type “CP” Reali-Slim bear- 
ings match proper size, weight and capacity 
to specified shaft sizes. Overcapacity need 
no longer hamstring your product designs. 

Here’s why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), 


KAYDON 


THE 


—-MUSKECON-«MICHIGAN 
All types of ball and roller bearings — ¢° inside diameter to 178" outside diameter 


you need is this 
Kaydon Reali-Slim KA-40-CP 


width and cross section remain the same for 
all bearing sizes in any one series 
Example: each of the 15 sizes from 4” to 12 
bore in the Reali-Slim KA series has only 
14," width and cross section. Result: new 
opportunity to save on cost, size, and weight 
in bearings and adjacent components. 
Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial con- 
struction . .. and new bronze one-piece snap 
over separator in 4” to 12 to 1” 
width and cross section. Kaydon’s volume 
production cuts prices as much as 76%, de- 
pending on size. Write for free, fact-filled 
“CP” bearing bulletin — with prices! 


bore — 4 


ENGINEERING CORP. 


Taper Roller 


Roller Thrust + Roller Radial + Needle Roller + Ball Radial + Ball Thrust + Four-Point Contact Bearings K 
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racy is reported t 
it outside edge of 
ta Expert Automation Machin« 
Co, 17144 Mt Elliott Ave, Detroit 12 
Circle 310 on Reader Service Card 


Dial indicating thermometers 
i vned acrylic lens, raised gradua 
( parallax idjustab 


bell 


furnished in polypha 


lude solid liquid filled unit (shown) p ith flange end and spline 


provide angular degrees enh pling ain bx 
, 


raduated arc; vapor-pressure-actuated typ Irip taliy enclosed unit 


ising single bourdon tube and multiplyin "I from 1 thr } 


it) 


Reuland Electric Co, Alhemben. Calif. 
Circle 314 on Reader Service Card 


l 
mechanism; and bimetal thermometer em 
ploying a thermostatic bimetal helix sens 
Electric Autolite Co, In 
Div, Port 


ing element 


dustrial Instrument Huron, 


Mich. 
Circle 311 on Reader Service Card 


High-temperature spring 
wire... 

for springs to be operated at temperatur: 
to 1800 F is vacuum-melted, nickel-bas« 
Available 


tempers in 0.2 to 104 in. dia 


alloy wire unnealed to spring 


7 : 
Lensil 
strength in spring temper ranges from 


Modulus of ela 


ranges from 31.6 million psi at 


: Remote indicating control unit 
250.000 to 280.00 . ’ aaa : tone nol 
ne open-stop ise OT ON-O 
ticity tatus indication of 
room temperatur t t 
from 


1700 | Priced 
per Il National-Standard 
Mich. 


1! 
mwuiwon psi / vith only tw 
$19 to $3 


Co, Niles, 


honut 
— point and 
Pa Adal | \\ th 
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Max 


+> v with 

f Texas Instru 

ments Inc, 3609 Buffalo Speedway, Hous 
ton ¢ 


Circle 315 on Reader Service Card 


Digital display . . . 
employs stroboscopic princip! 
high-definition, wl 


Through use of 


n-lme, m-plane, 
lack display 
encoding 1 
by all Single 


: ’ 
used to sample several 


rement, si diod 


rang 
hared 

in be input 
ymnmand, replacing a 
dual displays of existi 

directly from output regis 


omput 


unter or allied equipm Operat 


Min 


ingle-phase, 6 p vV power 
Max transition 


trobe tube life i OO hi 
time from display quantity to display quan 
Measur 
ymplet Chara 
4 Kearfott Div 
General Precision Inc, Little Falls, NJ. 
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tity is said to be 6 
x 4x 15} 


ers are VU.cc 


TTVLLELSC 


; 


Intermediate-hp motors . . . Diaphragm-operated 


a pe see: adjustable pressure switches 
,' Le eae 


a 


yumps are available in 12 intermediat , 
| qu pped with thi Va 
ratings as standard, off-the-sl ate 

= il for pneumat it 
Rating include 24, 4, 6} L ; : See th SPDT 
? 74 om | °c ye | . ° . | *r’t . 

i 4 and 4 und CSA-appr 


Standa 


ratings f 2 I 
Hydrauli 
up by internal 
Suitable for all 
of flange-mounted hydrauli 


( oftered 


. ij ted 
mount motors hook f 
oupling method 


pump 
i 


I 
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Wherever in 
the world your 
hydraulic machinery 
operates... 





Shell Tellus Oil is there 


Other outstanding Shell 
Industrial Lubricants available world-wide 


Shell Rimula Oiis — for heavy-duty diesel 
engines 

Shell Taiona R Oil 40—anti-wear crankcase 
oil for diesel locomotives 

Shell Alvania Grease — multi-purpose in- 
dustrial grease 

Shell Turbo Oiis—for utility, industrial and 
marine turbines 

Shell Dromus Oils—soluble cutting oils for 
high-production metalworking 

Shell Macoma Oils — for extreme pressure 
industrial gear lubrication 

Shell Voluta Oils — for high-speed quench 
ing with maximum stability 


AN INTERESTING FACT! 
Every Shell Branded Industrial Lubri- 
cant is named for a sea shell. Shown 
here is the Cultellus costatus. 





Around the world, Shell Tellus Oil is available—under the 
same brand name and providing the same performance that 





your domestic customers rely upon. 

Tellus® Oil is top-rated as both a lubricant and control 
fluid for complex hydraulic systems. Its ability to combat 
oxidation, rust, sludge formation, wear and foaming has 
earned it world-wide popularity. 

No matter where your hydraulic machinery is shipped, 
make Shell Tellus Oil your standard recommendation. Write 
for complete information. 


SHELL OIL COMPANY 


50 WEST 50TH STREET NEW YORK 20, N.Y. 
100 BUSH STREET SAN FRANCISCO 6, CALIFORNIA 
IN CANADA: SHELL OIL COMPANY OF CANADA, LIMITED \ fj 
505 UNIVERSITY AVENUE TORONTO 2, ONTARIO 
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are $38 and $68, respectively, FOB Tulsa 
Delivery, 2 wk. Instruments Inc, PO 
Box 556, Tulsa, Okla. 

Circle 316 on Reader Service Card 


_ for 
applications 
unlimited 





Contactless electronic 
keyboard .. . 


switches without metallic contact, elim 


DISCHARGE 








inating malfunction from corrosion, oxi 
ss dation, wear and humidity and contact 
bounce and noise of clectromechanical 
: . kevboards Power requirements are 60 
PENBERTHY milliw. Can be made with any number 
of keys and any type of coding. Operat 
es ing on dc, keyboard produces coded d 
, output lo derive desired output char 
rt | icteristics, various additional circuits can 
be introduced, including trigger, puls 
generator, multivibrator and memory cir 
cuits Amelco Inc, 12964 Panama St, 
Los Angeles 66. 
Circle 317 on Reader Service Cord 





) a hardly a basic manufacturing or service industry 
that hasn't a use for Penberthy Jet Pumps. And the list of 
OEM products embodying Jet Pump applications is virtually 
endless, too. Small wonder, for wherever there's a fluid, 
vapor, gas or slurry handling job to be done . . . aerate, 
agitate, blend, circulate, dilute, exhaust, filter, heat, mix, 
pump or transfer . . . there you'll find an application for 
versatile Penberthy Jet Pumps. 


Valve uses squeeze action... 
to automatically control flow of air, oil 
chemicals and grinding slurries, without 
use of poppets or spools Eliminates 
metal-to-metal contacts and metal-to-rub 
ber seals. When valve is open, supply 
pressure through inlet port forces elasti 
And consider the advantages . . . small in size, light in rubber sleeve against tube, forcing media 
weight . . . construction and operation simplicity low to flow around inlet plug and through out 
initial cost, low installation cost, little or no maintenance let port. To close valve, pilot pressur 
cost. And in many cases Penberthy Jet Pumps can be utilized is applied between inside diameter of 
where mechanical pumps are impractical or uneconomical tube and outer periphery of rubber sleev: 
Want more information? Send the coupon below or call your This collapses sleeve over rounded end 
nearby Penberthy engineer today. 4 of inlet and outlet end plugs, sealing off 
; - ~ supply pressure. Handles pressures up t 
200 psi. For pipe sizes from 4 to 12 in 
Available normally open or normally closed 
PENBERTHY MANUFACTURING COMPANY Airmatic Valve Inc, 7313 Associate Ave, 
Division of Buffalo-Eclipse Corporation Cleveland 9. 
PROPHETSTOWN, ILLINOIS Circle 318 on Reader Service Card 


SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH 


GENTLEMEN: Would like more information. | Battery capacity is boosted... 
Please send your Jet Pump Catalog #512R. for stationary service by up to 66% (at 


8-hr rate) by introduction of tubular-typ 
NAME 





- positive-plate. Industrial storage batteri 
COMPANY : cz 5 are reported to have estimated life of 2( 

yr in float-charge service; to store mor 
ADDRESS _ 








power in given space and to be more efh 
city. cient for weight than conventional bat 





continued on page 74 
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Underground Spinner. Not all 
spiders make webs. But all are skillful 
spinners of strong silk thread, for very 
different uses ranging from aerial ‘para 
chuting’ to wrapping up prey. The trap- 
door spider digs a deep hole, spins a 
gossamer coating for it, adds a hinged 
lid and lives securely in his silk-lined 
expertly engineered burrow 


Miracles am 
Miniatumization 
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Tiny Thread Transducer. !n textile 
weaving this new Mark Ill thread trans- 
ducer — shown greatly reduced in size — 
helps eliminate moiré patterns by record- 
ing average and cyclic thread tension 
Friction in the transducer's floating arbor 
is overcome by three MPB bearings cycled 
between 10,000 and 20,000 rpm 371 times 
per minute. 


Man With Miracies. Like all MPB 
Sales Engineers, Harry Gabriel can tell 
you about the advantages MPB bearings 
are bringing to new, miniaturized devices 
like the Mark Ill thread transducer, 
throughout the country. For miniaturiza- 
tion of your own products he can also give 
you expert aid in reducing friction and 
inertia with MPB bearinas 


The more than 16,000,000 miniature and instrument bearings produced by MPB 


have met requirements in over 16,000 different types « 


f applications. Develop 


ing bearings to aid in the design and manufacture of smaller, lighter, better 


components has always been a part of MPB service to customers 


about MPB as a consulting and cox 
bearings, the world’s largest line 
inc., 910 Precision Park, Keene, N. H 


perat ng fi rce 


write to 


For details 
and for a catalog on MPB 


Miniature Precision Bearings, 


MEBs Helps you perform 


miracles in miniaturization 
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ABRASION RESISTANT STEEL 


ARMS CUTTING BLADE WITH HARD, TOUGH EDGES 


The business end of this land-clearing blade takes a real beating from terrain and timber. § 
It downs brush, trees of all sizes—everything in its path. Shears off stumps at ground level. 
Piles cut materials into windrows. Drives its stinger through sturdy large trees to split and 
weaken them. Cuts a wide swath below ground level to build V-type drainage ditches. 
Works long, hard and fast. @ The point of it all? Edges made from 34” and 1” X-A-R 15 with 
a hardness of 360 BHN. X-A-R is the name for tougher, harder alloy steels developed by 
, Great Lakes Steel especially to meet abrasion problems. They’re made to work better and 
pote mBnn ne , eye oe last longer wherever materials collide with equipment—as liners, teeth, bars, blades, and 
vets you sell. plates for example. Under conditions that commonly wear out equipment in a hurry, X-A-R 


Great Lakes Steel is a division of 


X-A-R STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 


Benedict-Miller, Inc. Joseph Demsey Co. Ducommun Metals & Supply Co. Interstate Steel Co. Lockhart Iron & Steel Co. 
Lyndhurst, New Jersey Cleveland, Ohio Los Angeles, California Evanston, Illinois Pittsburgh, Pennsylvania ) 
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Rome K/G Clearing Blades made of X-A-R—manufactured by Rome Plow Company, Cedartown, Georgia 


FOR QUICK, ECONOMICAL LAND CLEARING 


outwears any other type of steel. @ Close control during heat-treating, quench- 
ing and tempering is the secret of low carbon alloy X-A-R steels. And 
workability is as favorable as their hardness and toughness. Difficult prob- 
lems, such as welding under cold conditions or extensive flame cutting, are 
handled well by X-A-R 30. For extremely difficult problems, choose X-A-R 15. 
@ X-A-R abrasion resistant steels, supplied in hardnesses from 360-400 BHN A PRODUCT OF 
(or, by agreement, in lower Brinell hardnesses), are immediately available 


in 14" to 1” thicknesses, widths up to 72” and lengths up to 35’. For complete G s t A T L A os . 5 5 T 7 E L 


technical information, write Great Lakes Steel Corporation. Detroit 29, Michigan 
7 


NATIONAL STEEL CORPORATION 


Marsh Steel & Aluminum Co. O'Neal Steel, Ine. vare C A. C. Leslie & Company, Ltd 
Kansas City, Missouri Birmingham, Alabama ty, Utah Montreal, Canada 
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Autom atic ope’ atl 


High computing 


The 1620 will me t technical computing requirement 
many gavantaee of \arger sy at much jower cost \ gadition it can be 
systems euch 35 e 709. yAY and 7090 
information enters the system from the typewriter of the 1620 Centra! proce ssing Unit, of trom the 1621 paper Tape Reader 
output © to the typewriter or 961 Tape punch 
Heat Load 
weight Current Power interconnectiné specification 
machine in \bs- Requirements cord cable BTU al 
eee gegen ae ee 
1620 1,000 20 AMPS 115 Volts 10'3-wire 10 signa! 5,000 
single phase for 115 and 
230 Volts 
10 Amps 30 Volts 10 ” 
single pnase pe nl 
6.5 Arps” 08 Volts 10'4-Wire 
three phase for 208 volts 
1621 280 — - - — 2,000 


Fortran 


simple cons 
Self checking 
transistoriz® roultry—— 

compact, ec mical, retiable 


ylator it provides 


other data pro essing 


gegegr eee 








a 





: Ltd. 
FREE YOUR ENGINEERING STAFF 


FOR MORE CREATIVE WORK... 


BM 1620 LOW-COST, DESK-SIZE COMPUTER 


RELIEVES YOUR STAFF OF TIME CONSUMING WORK 
.-- SOLVES WIDE RANGE OF SPECIALIZED PROBLEMS 


Problems that used to tie up your engineering staff for days can now be solved 
... with electronic accuracy ...in minutes! The IBM 1620 is a low-cost, desk-size 
engineering computer that solves a tremendous range of routine and specialized 
engineering problems quickly and easily. The 1620 offers you an economical 
way to increase staff productivity, helps pave the way for profitable growth 


The 1620 is easy to learn, easy to operate, easy to communicate with. It adapts 
readily to specialized and general problems such as design development, blend 
ing problems involving matrix arithmetic, research calculations with differential 
equations. It facilitates the development of mathematical models for plant and 
shop operation, and evaluation studies employing statistical techniques such 
as regression analysis. 


IBMalso makes availabie a comprehensive library of mathematical routines and 
programs as well as reliable customer engineering. These services supporting 
the £620 are an important part of |BM Balanced Data Processing. They make it 
easy’for you to make full use of the 1620 in your operations without delay. Like 
all IBM data processing equipment, the 1620 may be purchased or leased 


BALANCED DATA PROCESSING 


Dept. 805 
nal Business Machines Corporatior 
12 East Post Road, White Plains, N. Y 


Please send me further inf« on and moplete speci 


the IBM 162¢ 1g R ynputer. | am particularly 


neering applicat 


POSITION 
COMPANY 
ADORESS 


ciry 
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ithout sp 

I 

traight-thr 

mounting 
in Plates 
vith patented Silvium 


than flat past 


and 
turn opeta 
weight diet 
ing 


grid 


= 
piat< 


00 amp-hr. Exide 


ng fror Z tc 


Industrial Div, Electric Storage Battery Co, 
Rising Sun and Adams Aves, Philadelphia 


20. 
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elect 


1s 


De 


i 


readied 


heimer Co, Cincinnati 
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Heating roll... 


Sealed-system pressure 
snubber .. . 


rot nr 


Ww pre 
Valves ofter 


quart 


il 
rings oO! 
ough flow 
tion. Staimless line Is now 


for ti Lunken 


nistt 


mate 


md lon ' ré mopletely 1 7 
Chemiquip Co, 36 E 10th St, Ne 


York 3 
Circle 325 on Reader Service Card 


rically heated 


mpcta 
it 


temp 


f 


I OD 


lich ] 
msned al 


from 6 


Robinson 


] ' 
Sure 


9400 


Rd 


Thermel Inc, 


Franklin Park, Il 


Quick-disconnect power drive 
flexible shafting . . . 


pring ball method for q 


or uncoupling at 


ari\ omponent 


t capacity 


rque 
mad 


COT¢ 


haft 
1id to | 


be assembled for 
n and long life 
oil-tempered sprin 
covered 


ct 


braid, 


a 
impregnated fal 


iIT¢ 


istant neopren¢ 
ind an rubber jack 


Stow Mfg Co, 426 Shear St, Binghamton, 


NY. 
Circle 320 on Reader Service Card 


i 


Bronze ball-valve line .. . 


and ‘Teflon 


th 


Removabk 
in be removed 
handle, providing 
ligning ball rid 


1gT g 


Enclosed helical gearmotor . . . 


ibrasion-resistant 
has 
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orce mount... 


vibratic 


Horizontal-f 


} hock and 


I [-a 1 
700 


l2 Barry Wright Co 
Pleasant St, Watertown, Mass. 
Circle 326 on Reader Service Card 


Tp 


mounted directly behind gea 


Motor 


held 
icone ] ntnout | r 
SIN has output speeds from 


; 


running torque 


duty 
higher 
ind wound for 
ermittent loads. Brake 


vithout dimen 


rpm th output 
) Ipm for mtinuou 
d for 


peeds 


Cal 
oid valves are cooler... 


tandard 
offer red 


and 


Solen 
by 50 F in operation 
Said t 


it in 
thei 


Brevel Products Corp, 
26th St, New York 1. 
Circle 323 on Reader Service Card 


39 W 


rmally p 
tall opel 


ck 


ind 1 
operafior 


normal 
Max 
mally ck 


mittent-duty 


High-temperature solenoid . . . 
and has protectiv —_ 
rating of ng furnished t 
1 delay, met 


hermetically sealed 
1elp chi life 
F and to withstand tem 


0 ] travel i 
weighs | Availabk 
tvp | eported to be 


ty] 
nonhermeti 


iting said to | 
pipe connector 


Plunge I 
wal 


three directiona 
d Stainless steel cor 


ind three-wa 


ind 
{ ffe I 


tandard two 


ils« 
All 
Ul approved tor 


ib 4 
than ent 
n the market. Barber-Colman Co, 


Aircraft & Missile Products Div, Rockford 


lower pl 
gcn ral 1 


type i 
Standard 
light vasoline, inert 


i 
continued on page ( 


valves handle vegetable and 


FASCS air al 


Il. 
Circle 324 on Reader Service Card 


PRODUCT ENGINEERING + OCTOBER 24, 1960 





WHAT DO YOU WANT 
TO BOND TO WHAT? 


Take a structural material—for instance, any 


of the materials shown to the right. Want to 


join it to itself or another material? Then 
chances are that SCOTCH-WELD® Brand 
Structural Adhesives are your best fabricat- 
ing answer. This modern high strength 
method of joining materials permits improved 
design and production techniques . . . cuts 


costs .. . offers unique benefits. 


For example: Smoother contours result when 
mechanical fasteners are eliminated. Fabri- 
cating complex shapes—often impossible or 
too expensive with ordinary lastenings—1s 
made easy and economical with SCOTCH-WELD 
Adhesives. In fact, costly complex castings 
ean often be replaced by two or more inex- 
pensive simple castings bonded together with 
SCOTCH-WELD Adhesives. And lighter gage 
materials may be used where desired, since 
stress is spread over a wide area. Often, too, 
inspection and production steps can be elimi- 
nated. Another benefit—unusual combina- 
tions ol materials which can be joined in no 
other way can be bonded perfectly with 
SCOTCH-WELD Adhesives. 


Throughout the metalworking industry, 
bonding with SCOTCH-WELD Brand Structural 
Adhesives is improving quality, speeding 
production and cutting costs. 


SCOTCH-WELD Adhesives may be the answer 
to your design and production problems .. . 
and improve your product at the same time. 
For full information write on your company 
letterhead, outlining area of interest, to: AC&S 
Division, 3M Company, Dept. SBS-100, 
St. Paul 6, Minn. TCH-WEL » Reg. T.M. of 3M Cc 


er, 


ADHESIVES, COATINGS AND SEALERS DIVISION 
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iter at temperatures to 185 I Coils 
vith Class A, B or H insulation can be 
furnished, rated for max ambient tem 
peratures of 221, 266 and 356 F, 
tively. Allied Control Co Inc, 2 East End 

Ave, New York 21. 
Circle 327 on Reader Service Card 


respec 


Electronic chassis latch . . . 
for small, 54-in. standard drawer off 
Latch 


housing, shaped to fit contours of th¢ 


positive latch and locking action 


hand, can be used to carry drawer, irrespec 

of handle position. Over-all size of 
itch is 4.7 in. and extends 1.4 in. from 
face of chassis drawer. Provides 64 t 


hanical advantage for positive injection 


md rejection of drawer and allows 4 in 


ivel or takeup Hartwell Corp, 9035 
Venice Blvd, Los Angeles 34. 
Circle 228 on Reader Service Card 


Waterproof electric counter . . . 
is hermetically sealed, high-speed unit 
iing to 2400 cpm or 40 cps in standard 


Why 


nits and resetting clectrically in 105 m 
Counter can operate under water bi 
ouse electric reset mechanism is entirels 


Number 


vheels are set high in case for max 


nclosed within sealed case 
ility, with white figures, ¥% in. high, on 
black background. Said to meet Mil spx 
fications 3272-A and other similar requir 
ments. For use in severe industrial appli 
itions and where explosion-proof units arc 
needed. Durant Mfg Co, 1938 N Buffum 
St, Milwaukee 1. 
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Multiconductor contour cable 

in various material combinations to mect 
85 to 482 F is avail 
ible to meet military performance specif 
ations for all types of harnesses. Flexible 
flat cable, 0.012 in. thick, is etched in 


ntinuous rolls, in any length or width 


temperatures from 


not exceeding 48 x 48 in., to match 
pecial circuitry configurations. Unshielded 
shielded 
Widths up to 54 in. in 


onductor sizes from 20 to 28 ga with 


- ~ 


electrostatically or magnetically 
able is available 


76 


variety in be supplied As 
many as 54 conductors per in. can b 
Hughes Air 
craft Co, Industrial Systems Div, Interna 
tional Airport Sta, PO Box 90904, Los 
Angeles 45. 

Circle 330 on Reader Service Card 


assembled in a single cabk 


Ye-in.-dia, size-9 timer motor 


is reported to withstand 8000 g axial shock 


—_ 


ind 500 transverse shock. Can als 
withstand shock of dropping from 1 m 
height. There is virtually no speed varia 
tion from 88.6 to 332.6 F because of 
pecial dry lubricating method. Gear train 


46.656:1 Up t 
in be handled. Lif 


ratios range from 6:1 t 
00 in.-oz peak loads 
tests indicate performance of 2000 duty 
vcles at 100 in.-oz load or equivalent con 
tinuous running. At 100 in.-oz load, rpm 
10, current at 77 | 
from 0.075 to 0.2 and unit length 
? 820 to 3.14 with 
1.4 


! } 
Also available as 


output is extrem 


ranges from 0.25 to 


output per 1000 rpm. John 
Oster Co, Avionic Div, Racine, Wis. 
Circle 331 om Reader Service Card 


s0 @& 


Stock zinc or aluminum 
knobs... 


; 


ibout 2 v 


meet military standards are pain 


| 
olive drab or navy gray, both with phi 


phorescent paint in index groove Used 
on AN/GRC, AN/PRC, AN/TRC and 

milar equipment. Unles 
ure + 1/64 in. on fraction 
ind +0.005 in. on deccmals. Vemaline 


Products Co, Franklin Lakes, NJ. 
Circle 332 on Reader Service Card 


otherwise speci 


fied, tolerances 


Screw machine stock .. . 


reported to machine better than an 


of four standard screw stock aluminun 
alloys except 2011-13. Guaranteed min 
vield strength of new alloy is said to 

higher than typical yield strengths of any 
of the four standard alloys. Corrosion 
sistance and finishing characteritics ar 
said to be as good as alloy 6061 and bett 
Alloy 6262, a mem 


iluminum-magnesium-silicon 


than the other three 
ber of the 
family contains lead and bismuth fo 
increased machinability. Min mechanical 
properties includ 2,000 psi tensil 
trength, 48,000 psi yield strength and 
Priced the same as alloy 
\vailable in standard 12-ft 


lengths in round or 


% elongation 
6061 16 
hexagonal rod and 
bar. Aluminum Co of America, 1501] Al 
coa Bldg, Pittsburgh 19. 

Circle 333 on Reader Service Card 


Aircraft-type toggle switches 
have } in vide lectro-tinned brass, ma 
tab mnections for use with Burndy 
AMP or Kent female connectors. Sing] 
and double throw units meet all applicabl 
Availabl i 

ircuit configurations for de or ac app 

ations up to 1600 cps. Kulka Electric 
Corp, 633-643 S Fulton Ave, Mt Vernon, 


NY 


military specifications 


Circle 334 on Reader Service Card 


peamers Farcremnc’ 


“a “oe 


Miniature temperature 
recorder... 


yperates dir 


lamped bri¢ 


ron po nter prints pi 
without use of ink. Mea 


in. deep. Weighs 


' with pa 
g 
Assembly Products Inc, Ches 
terland, Ohio. 


Circle 335 on Reader Service Card 


16-lb tracing vellum . . 

said to offer quality close to b 
vellum at one-third the price 
ised as durable tracing paper for engit 
ng, tracing, reproductions and for t 
tmnaste! Made of 100% tag pap 


} 


wegnated with non-yellowing, non-mis 


} 
ypolwmer 
ng p WrNeCTI 


' 
g resin for lasting transparen 
losed, dense and un 


» ipph a 


Paper formation is 
form. Has high tear strength 
n cut sheet packages of 500 sheets and 
n 50-yd rolls. Can be preprinted to speci 
Ozalid Div, General Aniline & 
Film Corp, 60 Corliss Lane, Johnson 


City, NY. 
Circle 336 on Reader Service Card 


hcations 
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(What's wrong with this picture ?) 


Are your bookkeepers better 
equipped than your engineer-draftsmen? 


Yes, today’s bookkeeping procedures demand 
accuracy and productivity —equipment that 
guards against error, while saving time. 

Your professional engineer-draftsmen, too, 
need modern equipment for top efficiency, 

as their work helps establish your 
productivity throughout the enfire 
product-planning and 

manufacturing cycle. 


Your draftsmen, your productivity, deserve new Hamilton 
space-and-time-saving equipment —from Keuffel & Esser Co. 


You keep your best men productive by giving them the 
equipment they need to do their best work, and you 
eliminate costly errors fostered by inadequate or anti- 
quated equipment. In Hamilton equipment, you get top 
productivity for every square foot of floor space. 


Not only do all Hamilton units start to pay you the 
minute they go on the job, but they keep working harder 
for you every minute—because they’re so ruggedly con- 
structed, designed for greater case and comfort 
consequently lower fatigue. 

The Hamilton units are themselves a product of meticu- 
lous engineering and long experience—features and 
dimensions established as ideal, in many thousands of 
industrial installations. Yet they deliver the flexibility that 
every individual and every department require. Our ex- 
perienced planning engineers are at your service to help 
select the best arrangements for your needs. 


Hamilton CL 100 Series 
Entirely new, canted-leg styl- 
ing assures stability without 
side crossrails. Strata-Core 
board, with green linoleum 
surface, both sides steel 
edged; tilts 0° to 40°. Fully 
adjustable recessed footrest; 
steel reference, tool, and cat- 
alog drawers. Other fine fea- 
tures, superb styling in light 
Sahara-Tan, satin-chrome 
hardware. 


KEUFFEL & ESSER Co. 


New York * Hoboken, N. J. * Detroit + Chicago * Milwaukee * St. Lovis * Dallas * Denver 
San Francisco * Los Angeles * Seattle * Montreal 


DRAFTING, REPRODUCTION, SURVEYING EQUIPMENT & MATERIALS * SLIDE RULES 
MEASURING TAPES * OPTICAL AND METROLOGICAL SYSTEMS AND COMPONENTS 








Hamilton De Luxe Auto-Shift Tables 

Scientifically seasoned drawing surface; concealed mecha- 
nism controlling height and slope flexibility, can be moved 
with fingertip pressure; linoleum-covered reference surface 
Many functional features, combined with prestige styling. Front 
table, basic table, and rear reference desk—matched styling 


Hamilton L-Contour Unit 
Counterbalanced, range of 
board adjustments permits 
frequent position changes— 
at finger touch—offering 
greater flexibility of work ar- 
rangement, lessening fatigue. 
Telescoping legs adjust 
height 30° to 31°. Generous 
storage facilities, durable 
linoleum reference surface. 
Beautiful utilitarian styling, 
maximum space efficiency, 
constructed for long service. 


pore eee ae seen eae es enenanee 


KEUFFEL & ESSER CO., Dept. P-10, Hoboken, N. J. 


Please send me your catalogue on Hamilton Drafting Room 
Equipment. 


NAME 
TITLE 


COMPANY 


ADDRESS_ 





Versatile new electronic relays 
CONTROL CONDUCTIVE LIQUIDS 


without spark or shock hazards! 


Electronic Liquid Level 


CONTROLS 


Now—two new performance-proved electronic relays 
that provide accurate, reliable, floatiess means of 
controlling any conductive liquid or moist bulk mate 
rial having a resistivity of up to 12.5 megohms! 


C Outstanding features and characteristics include 
Positive means of adjusting sensitivity for specific 
applications. Very low electrode potential and low 
electrode current. No shock or sparking hazards 
No product contamination due to electrolysis. Quick 
and easy conversion for direct or inverse operation. 
And, because both relays will operate several miles 
away from the level sensing electrodes, they permit 
accurate control of liquids from remote locations. 


Other reliable B/W Fleatiess Liquid Level Control Equipment 


Induction Type Relays Automatic Alternators 





Signals and Alarms Electrodes and Holders 


» ae, 
reitl 





Complete technica! data available upon request—write today! 


ONTROLLER 
THE PSIAGY CORPORATION 


200 E. MAPLE ROAD « BIRMINGHAM, MICHIGAN 


Monufacturers of Liquid Level and Industrial Motor Controls 


78 CIRCLE 78 ON READER SERVICE CARD 











The Gentle Art of Mathematics 
DAN PEDOE. Macmillan Co, 60 Fifth Ave 
New York 11. 52 x 82. 143. $3.95 
If you're the kind of person wh 
remembers all the probability formulas 
until Junior asks vou about them 
if you just like mathematical games 


; 


ind want an €as' read review of 


the simpler ones—this 


book is for you 
Moebius 


of logic, and rational 


ARG 


It also covers bands, the 
basic principles 


ind irrational numbers 


Fundamentals of 
Engineering Graphics 
MYRON G MOCHEL. Prentice-Hall Inc, Engle 
wood Cliffs, NJ. 6 x 9, 379 pp. $8.50 

his book illustrates methods f 


solving problems and presenting in 


formation graphically based upon the 


principles of mathematics and ortho 


Essential theory 


;, 
graphical 


graphic projection 
is pointed out and 


ippli i 


tions are demonstrated Continuit 


is established by developing complete 


projects instead of using a large nun 


ber of nonrelated problems 


The Engineer’s Vest 
Pocket Book 


THOMAS, SPALDING and JAVLOVICH. Often 
heimer Publishers Inc, 4805 Nelson Ave, Bal 
timore. 25% x 5/2, 192 pp. 90¢ 


Reference material of a broad na 


luded. Basi 


; 


ure is in subjects « 


red are: mathemati building, me¢ 


chanics, heat hydraulics, yIpINg 
P!y 


electricity, surveying, costing, 


mining 


hemical and miscellaneous. 


Fundamental Formulas 
of Physics 


Edited by DONALD H MENZEL. Dover Publica 
tions Inc, 180 Varick St, New York 14. 2 vol, 
5% x 8, 741 pp. $2 per vol 


Her is a 


overing everything from the solution 


} 


ompilation of formula 


to a quadratic equation to the pecia 


theory of relativity. Each section ha 


} } 


been written independently by 


pecialist in his field, so there i 


yi 


ertain amount of duplication, plu 


me variation in nomenclature. This 
no problem if formulas were orig 


inally 


from a textbook and no one is going 


learned in a college 


COUTSCE OT 


to venture into an unfamiliar subject 


by first referring to the formulas usex 


in that held However, a O! 
the S¢ 


um¢ for engineers, particularly 


iensive deskside reference 


ume one) are worth their cost s« 


times ove! 


Technical Illustration 

T A THOMAS. McGraw-Hill Book Co Inc, 330 

W 42nd St, NY 36. 82 x 112, 149 pp. $6.50 
This book 


emphasizes _ practical 
rather than 


theoretical techniques 


Basic procedures used by industry 
drawing 


produce three dimensional 


discussed Several chapters ar 


ited to a description of special 


mechanical ind its u 
Numerous 


la step-by step fashion 


equipment 


7 
llustrate 


drawings i 


ABSTRACTS 
FROM THE LITERATURE 


Timers 
Describe 


’ 1 
TCAKINE 


machine 
riods, vari 
equencing of 
ult 


Timers Instruments and Control Systern 


Aug ‘60, 845 Ridge Avenue, Pittsburgh 12 


Nondestructive Testing 
\ discussion is presented 


interrelation of 


nondestructive t 


ing and weldment quality. The cha 


rich 
ISTICS ot 


? 
several nondestruct 


methods to provide informa 


necessarv for the 


7 


evaluation 
quality are reviewed briefly. ‘Th 


‘f several interested group 


d by the author, are con 


What the Welding Industry Requires From 
Nondestructive Testing,” Jay Bland, Genero! 
Electric Co; Welding Journal, Sept ‘60, 20th 


and Northampton Streets, Easton, Penna 


Research on Helical-groove 
Seals 

Attempts to establish a theory 
the helical-groove seal, based on the 
governing th 


Some addition 


nued on pa 


functions 
laminar flow of fluids 


elementan 
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DESIGN LITERATURE 


tation 


Machine Design and Calculation Research on 
Helical Groove Seals,” by V. A. Zotov. Russian 
Engineering Journal, Issue No. 10 1959, Pro 
duction Engineering Research Association of 


Great Britain, Melton Mowbray Leicestershire 
England 


CATALOGS 


ee EAR RESISTANCE 
ENCLOSED, FAN-COOLED, WORM 
GEAR DRIVES—Booklet List 
\GMA standards t t ited ND LOW 
Circle 350 on Reader Service Card OMPRESSION SET 
AND STRIP CONSTRUCTION PROPERTIES! 
‘ ' + ; ‘ i 


NY 
Circle 351 on Reader Service Card 


HEAT-TRANSFER EQUIPMENT 


\ i / i 


0 On 
] 
eioneg 80, 7247. 


Nat al vice in ¢ 

’ ! eT ura] rub} 8 4Frie 
Oug} Der c, ty ofa 
Racine. W oF 1 and dur ; jntent for lUidgs 
: ‘ “Oct a " 
Circle 352 on Reader Service Card — Sealing ~ : 


LINEAR 
10, 7249.95 


, Tings 


4rge \ 


fr 
‘Tom Gr 


INSTRUMENTS—B 


. in a , " if 


gnoha A\ I lif . Cap 
. ° POchloris 

Circle 353 on Reader Service Card Lockheed Bees 

, ° 


PRECISION TEST INSTRUMENTS 
Short talog ES + p Sp 
pplication 
mat measurement of 
train B& K ih 
W 60th St, Cleveland 
Circle 354 on Reader Service Card 


DRAFTING PENCILS, LEADS AND 
HOLDERS—Catalo; pp. Dr 


ribes and illustrate 
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| [ () ) "  STACOR-aearre drawing tables 
| and in back <= 


y 


Stacor-Matic’s . 
got it... y 
where A 
it counts ! 
* One unit serves 2 men 
* Saves Time * Saves Space 


* Cuts Fatigue 
* Increases Production 





sr 
* <f 

Complete Drawing Reg 

Station for one man sf 


Kee 


Reference Desk 
and Files for 


another man Write today for STACOR-MATIC brochure 


and complete new STACOR Catalog. 








STACOR EQUIPMENT COMPANY 
Manufacturers of Lifetime Quality Equipment for Schools, Libraries and Industry 
291 Emmet Street, Newark 5, N. J. . Bigelow 2-6600 


Stocks in: Boston, Chicago, Detroit, Hartford, Los Angeles, Montreal, Philadelphia, 
Rochester, Saint John, N.B., San Francisco, Toronto, Washington, D.C. 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 


The advertising rate is $37.00 per 


ZERO BACKLASH GUARANTEED 
With 


MINI-JOINTS 


advertising appearing on other than cor 


TELESCOPING UNIVERSAL JOINT Frequency rates quoted on requ 


aA “i re ‘ 
Po Vis 
—— 


J 


UNDISPLAYED RATE 


Features 





@ Zero Backlash @ % 
® Constant 


Lateral Travel 





Velocity @ Stainless Steel 


ENGINEER DESIGN 


Excellent opportunity for a senior tool design en 
gineer. Experience in design and development of 
impact extrusion teols or forging tools. ME de 
gree or equivalent. Send complete resume to 


KAISER ALUMINUM & CHEMICAL CORP 
Box 566, Erie, Penna 


® Sealed-in Lubrication @ 30° Operating 
Angle 


SIZES IN STOCK 


Part Length 
No Bore Body Closed 


lrorque 
in Oz 








riBs 0938 3/16 1-7/16 16 





r2Bs 125 3/16 7 16 





1D DRESS BOX NO. REPLIES TO Boz 
‘ ssified Adt b f this pu n 
Send to off 


r4Bs 1875 9/32 64 


i ce nearest yo 
NEW YORK 36: P. 0. Box 1 

CHICAGO il oO ON Michigan Ave 

SAN FRANCISCO 4: 68 Post Bt 


r6Bs 250 3/8 2-1/2 256 


Prices 1-4-$28.50 5-9-$22.50 10-99.$19 





Single and Double Mini-Joints 
t I ed as low as $4.8 POSITION VACANT 


i 


manufacturers of quality 
commercial, industrial and institutional ap 
| plication. Must be conversant with al 
materials and technology pertaining to the 
design, development and manufacture o 


FALCON DIVISION 
GENERAL THERMODYNAMICS CORP 


creative ability. 








5329, Product Engineering 
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Chief Designer: One of the largest national 
lighting fixtures fo: 


fluorescent lighting equipment. Should have 
Locate in Southern Cali- 
fornia. Salary excellent, commensurate with 
experience Send resume in confidence to 


DESIGN LITERATURE 


numerical, classified and alphabetical in 
dexes. J S Staedtler Inc, Hackensack, NJ 
Circle 355 on Reader Service Card 


SEMICONDUCTORS-—Catalog pp 
Contains electrical and physical parameter 
of silicon solar devices, silicon transistors 
ilicon diodes, silicon controlled rectifier 
ner regulators and zener reference d 
Semiconductor Div, Hoftman Fl! 
Corp, 1001 Arden Dr, El Me 


Circle 356 on Reader Service Card 


SUBMINIATURE SWITCHES—( 
pp. Covers mmmercial 

military and environment 

witches. Pictorial 

n of dimensional drawing 

for ind movement sp nca 

lectrical ratings and phot 

Unimax Switch Div, W L Max 
Rd, Wallingford, Conn 


Circle 357 on Reader Service Card 


; 
TO i 


MECHANICAL ADJUSTABLE-SPEED 
DRIVES—B tin GRA 
hon nheuratio 
ns, and ratings of 4 t 
idjustable speed drives 
ti ( Schenectady § 
Circle 358 on Reader Service Card 


ELECTROMAGNETIC DRIVES—B 
12 pp. Describes hi 
vork, what they 
are used. Discuss 
ns and mechanical featur 
pes of drives. Westinghouse fF) 
p, PO Box 2099, Pittsburgh 3 
Circle 359 on Reader Service Card 


3000-PSI HYDRAULIC CYLINDERS 
ment to bulletin 22A, lf PI D 
nensions, dimensional drawings and spx 
itions of hydraulic cylinders for « 
e in 3000-psi operating syst 
iny over-pressure or shock load 
Mfg Co, Cincinnati 12 
Circle 360 on Reader Service Card 


BINARY 
: D 


tion encoders, many of which are 


ENCODERS—Brochure SI 


ibes specification f 


ime code generator 
nt output gnals rept 
nn \ W Havdon Ci 
St. Waterbury 20. Conn 


Circle 361 on Reader Service Card 


DUCTILE IRON—Bulletin 131-B, 2 pp 
( rs features of ductile iron, as well 
is_th ompany's faciliti 
control for the pre 

Brillion Iron Work 


manutactur 
ing and quality 
ing of this metal 
Inc, Brillion, Wis 

Circle 362 on Reader Service Card 


continued on page & 
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DESIGN LITERATURE 
GEAR-AND-PINION COMBINATIONS 
3001-B. 10 pp 

andtables describ 


continued 


Catalog Engineering 


drawings integrally 


and combinations avail 
ible from stock dic Reproducer 
Corp, 400 Beechwood Ave, New Rochell 


NY 


cast gear pimion 


(res 


Circle 363 on Reader Service Card 


REDUCED-VOLTAGE STARTERS 
Bulletin GEA-6860, 8 pp. Describes line 
of reduced-voltage 


starter application 


ind = operation. Contain selectic 


omparison table 


overimg 
arters and typical wirins 
ral Electric Co, Schenectady 


Circle 364 on Reader Service Card 


STANDARD 
ASSEMBLIES 


ations and 


FLEXIBLE - SHAF I 
Form 74 pp Spt 
ratings of standard flexil 
haft assemblies. With dimensional 
ings. F W Stewart Corp, 4311-13 

Ave, Chicago 13 


Circle 365 on Reader Service Card 


FLUID-POWER EQUIPMENT 
tal bulletin 10-001, 5 pp. Sp 


rinance ind ippil 


ind 
onstruct 
Hydre 1) 
000 E M 
Mich 
Circle 366 on Reader Service Card 


BUILDING BLOCK INSTRUMENTA 
TION SYSTEMS—Handbook +4 
Application notes describe h 
] precision measurement 
ifications of uildi 
mmponents. Wiancko Engin 
>N Halstead, Pasadena, Calif 

Circle 367 on Reader Service Card 


lud spe 


PRECISION INDUSTRIAI 
rOOLS—Catalog, 12 pp. (¢ 


HAND 
riptions and uses of vari precisi 
for small assembli Handicraft 
l‘ools Inc, Div of X-acto Inc, 48-41 Van 

Dam St, Long Island City 1, NY 
Circle 368 on Reader Service Card 


MAGNETIC-REED SWITCHES—B 
| description 


Contain ti 
DRG-1] 


icin, ©& pp 
pecifications of mod 
DRS-5 and charts and diagrams on act 
tion methods and mechanis1 Hamlin In 
Lak ind Grove Sts, Lak \l Wi 
Circle 369 on Reader Service Card 


METALLIZED PAPER CAPACITORS 
IN EPOXY TUBES 


} 
Electrical specifications, tempera 


Data | t 2 pp 
each 
ture characteristic urve izes and part 
numbers for Series WE. capacitors (for a 
and dc network applications) and Seri 

on page 8 


continued 
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Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 





machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 


They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 


ee ee 


and maintenance is no problem. 
These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 
how Duff- 
Norton Worm Gear Jacks may be 


To learn more about 


used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli 
cations. Ask for AD 66DD. 


DUFF-NORTON COMPANY 


Four Gateway Center - Pittsburgh 22, Pa. 


DUFF-NORTON JACKS 


Ratchet « Screw 
Hydraulic « Worm Gear 


a 


he 


COFFING HOISTS 
Ny Ratchet Lever « Air 
Hand Chain « Electric 
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DRAFTSMEN! 
oENG/INEERS! 
DESIGNERS! 


a 

TA Standard 
Instrument Cases 
20 PAGES 


TA ‘‘King-Size 
instrument Cases 
4 PAGES 


Instrument 
sur equipment housing problems 


Learn how TA’s new predesigned 
( ases solve ye 


SEND FOR YOUR FREE copies! 


THESE EXCLUSIV 


Predesigned pa 


2. Large selection of 


3. Wide choice of 

doors, panels, a 
4. All standard Cas 
5. All Cases prote 


6. Available in depths from 24% to 


? Fast delivery (pr 


No tooling charges 


Precision quality 
Reinforced alum 
ase 


TA Mia. « OTP. 4607 Alger Street « 


nel-layouts for perfect fit 


nd other a 


E FEATURES—STANDARD WITH TA—SAVE YOU TIME AND COST 
INSTRUMENT MANUFACTURERS 


standard sizes and styles If vo 


standard handles, a . 


u make portable inst 
equipment, you can't aff 
tigate the TA line 

TA Cases come in a 
ard lid sizes, and are sold at proprieta 
prices. During assembly the depth an 
be cul to your exact specifications. O 
f you like, TA will furnish you free ve 
ims and templates so you can Save y 
self mone 
hit one 


ruments « 
rd not to mve 
essories 
; 


es include pane! gaskets ersity of st 


ted by air relief valves 
18 inches 
ototypes in 4 weeks 


on standards 


»y by designing y« 
of the many standard sizes 


sur produc 
num construction 


matched to, and inte 
truments they are to Start saving big money 


your valuable free Am 


s Angeles 39, Calif 
rca HW 5-3748 


TWX 9863 Glendale, Calif. - 
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WHEN QUALITY IS YOUR TARGET... 


THE GRIPW 


ELL ELECTRONIC CHASSIS 


LATCH HELPS YOU HIT THE BULLSEYE 


Red unlock ——- 


indicator 


Secondary 
extreme vibra- 
tion lock 


Proven Hartwell 
trigger action 
lock 


free travel 
for gripping 


Boss for optional 
bar handle 


take-up 


GRIPWELL' 


A handsome, 


“plug-in” 


type electronic chassis, 


MINIATURE 
GRIPWELL 


Permanent 
Gripwell 


handle 


Keeper 
designed 
for easy 
sealing 


} a __, 


* 8 to 1 mechanical a 


ELECTRONIC CHASSIS LATCH 


strong and durable handle latch to fasten 
providing for positive 


ejection and injection of the chassis and allowing an eight 


to one me 
take up 


chanical advantage, with a total one-half inch 








Bonded 
Rubber Parts 
Assure 
Durable 
—————— bs va, BOW Bonded Rubber Vibra- 
ili »n Isolators c« ontribute greatly pa 
Resilience 3.0! 9! ove suse o! 


like this — for life! 





The high-speed, precision operation of U 
Special Industrial Sewing Machines calls for 
special vibration damping mountings. To be sure 
of the strength, service life and durable resilience 
required, Union Special designers have made 
WILBOW Bonded Rubber Vibration Isolators a 
structural standard 

WILBOW specializes in bonding natural, syn- 
thetic rubbers of all types to a wide 
range of metals, inc luding stainless steel. The parts 


produced combine, permanently and reliably, the 
tions—or send for the WILBOW 
Write today 

Mfrs. of molded, punched, extruded and cul rubdber goods 


desirable properties of both rubber and metal. Let 
catalog and see the variety of 
The WILLIAMS-BOWMAN RUBBER Co. 
ducing eM ~eaped toe ro silicone rubber parts 


or silicone 
WIL BOW engineers study your possible applica- 
bonded rubber parts available. 

1955 South 54th Avenve * Cicero 50, Illinois * (Chicago Suburb 


Specialists 


and bonding rubber t 











Write today for complete information 


THE HARTWELL CORPORATION 
9035 VENICE BOULEVARD, LOS ANGELES 34, CALIFORNIA 


Offices: Chicago Ft. Worth Hackensack - Seattle « Wichite 
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SIMPLIFY YOUR 
RIGHT ANGLE POWER 
TRANSMISSION 
PROBLEMS... 


YOUR DESIGN DESERVES THE CROWN GEAR ‘‘PACKAGE": 
¢ Totally enclosed Aluminum Alloy Housing 

@ 316 Stainless Steel Shafts ¢ Double Sealed Ball 
Bearings ¢ Hardened Steel, Spiral Bevel Gears 
© Choice of 4 or 5 Mounting Positions ¢ Ratings 
from , through 2 H.P. ¢ 1:1 or 2:1 Ratio optional 


local distributor or 
direct for new catalog . 


CROWN GEAR 
96 PARK AVE., WORCESTER 10, MASS 
A Division of Harrington & Richardson, Inc 


Contact your 
write 


tke 
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DESIGN LITERATURE 


ME (for use in d t Electr Peak performance, structural soundness, 

Products Div of Marshall Industries, 45 styling that “‘sells’’... that's design 

N Halstead St, Pasadena, Calit P know-how which gives you the margin over 
Circle 370 on Reader Service Card How United States your competitors. We measure that margin 


Testing Company helps for you at United States Testing Company 


REINFORCED POLYESTER MOLD and often increase it. Take the case 


ING COMPOUND—B 


t p. Ca of the prototype vacuum cleaner sent in 
history report glass iforced for a complete evaluation 
ester molding ap ! we | Dirt disappeared like magic... 
develop shortproot welding transfor impact resistance of the plastic parts 
With design and test data. Atlas Po proved very good...the metal 
Co, Chemicals Div, Wilmingt D case resisted impact and corrosion. 
Circle 371 on Reader Service Card So far...so good. 


PHERMOSTATS—B Then we measured consumer acceptance, 


1000, 2 pp each. D using a panel of housewives 
thermostat teatu } ’ d renti 

— : Too heavy... too hard to maneuver... 
ee ; uncomfortably noisy...wrong color. 


rarimgs, COnsin But we had the solution. 


formation. With pl 1 schemat 

diagrams. Stevens Mfg \ PO Be Our report to the client specified newer 

1007. Mansfield. Ohi lighter materials, sound deadening, and 
Circle 372 on Reader Service Card 


appealing colors. Retest of the improved 


model warranted production go-ahead 
ELECTRONIC SWITCHES—Data sheet 
177, 2 pp. Ratings, characterist BETTER Why not let United States Testing 
ions and mounting in tion about Company measure, and increase 
electronic switch t I the competitive margin of your product? 


duces bounce-fre 


mechanical witch Ml 


port Il 


Write or phone for details 


Circle 373 on Reader Service Card 


ROTARY MULTIPOLE SWITCH—B 
letin rmation n otar 
witch that 

ingle knol 

photo, dimens 

ings, and me 

tro Switch Cory 

Boston 38§ 


Circle 374 on Reader Service Card 


MAGNETIC LATCHING RELAY 
Bulletin BR-594 p. El) | 
mechanical specificat 

Illustrate tandard mo 

tions. Babcock Relays In 

Ave, Costa Mesa, Ca 


Circle 375 on Reader Service Card 


METER FOR LOW-FLOW MEASURI 

MENT —Bulletin 10A4 

dimension materia 

operation ipaciti 

sones for miniatur 

urement of low flo it 

gases. Fischer & Porter (¢ 625 k ° 

le TOR Wada ian Send for free bulletin 
Circle 376 on Reader Service Card : describing our evaluation 

and R/D services 


MAGNETIC PICKUPS n CMI 
50, 4 pp Explains how self-generating i 


mit devices un be 
| 


mechanical-electrica 


po a ~ United States Testing Co., Inc. 
typical urve blo liagram lectre 1415 Park Avenue, Hoboken, N.J 

Products Laboratories 1 N Raven 
wood Ave, Chicago 4 


Circle 377 on Reader Service Card 


Branch Laboratories 
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EMPLOYMENT OPPORTUNITIES 


AT UNIVAC... 


CAREER 
OPPORTUNITIES IN 


ENGINEERING! 


There is an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportuni- 
ties for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include : 


ELECTRICAL ENGINEERS 


Electrical Engineers are needed for Quality 
Control Engineering. Work involves the rigid 
standards of ultra-reliability as required in 
superior data processing equipment. These 
positions include the initiation and evaluation 
of test and inspection procedures for manu- 
facturing processes. 


PRODUCTION ENGINEERS 


Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes 
methods and tooling for the world's most re- 
liable computers. These positidns require the 
utilization of imagination and creativity in 
production 


PRODUCTION SPECIALISTS 
A limited number of Engineers are needed 
with special knowledge and experience in 
volving thin film techniques using vacuum 
deposition. This is challenging work in a new 
field and offers unprecedented opportunities 
for advancement 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
contro! techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products 


For immediate consideration, send re- 
sume of experience and education to 


R. K. PATTERSON, Department PE-10 


nivac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh Street, St. Paul 16, Minnesota 


84 








INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








r reading t lvert ts classified below 


ed bw using 


Adhesives 
Air Motors (see Motors, Air) 


Aluminum Coated Sheet & Strip (see 
Steel, Coated) 


B 
Bearings 
Ball 4th Cover, 5, 36, 
Miniature 4th Cover, 36 
Needle 
Roller 65, 
Blowers 


Brakes 
Electric 


Castings 


Clutches 
Electrical 
Coatings 
Compressors 
Computers 
Controllers 
Counters 
Couplings 
Hose 
Tube 
Cylinders 
Hydraulic 
Pneumatic 


Drafting 
Machines 


Supplies . 


Drives 
Right-Angle . 


Variable Speed 2nd Cover 


Enclosures 


Engineerin 
duction 


Services (see also Pro 
ervices) 


Fastening Methods 

Fibre os 

Fittings, Hose, Pipe & Tube 
Fiexible Couplings 


G 


Gear Motors (see also Motor Reducers) 
Gears 10, 18, 
Generators 

A-C. 


D-C 


Hydraulic Fluids 


MORE DETAILED INFORMATION about 
the READER SERVICE CARD 


Jacks 
Joints 
Universal 


L 


Laminated Plastics (see Plastics, 
Laminated) 


Latches 
Liquid Level Controls 
Lubricants 


M 


Metal Bonded to Plastic 


Moldings 
Rubber (see Rubber Parts) 


Motor Reducers (see also Gear Motors) 


Motors, A-C 
Fractional 33-34, 


integral 33- 
Sub-Fractional 38, 
Motors, Air 
Motors, D-C 
Fractional 
Integral 
Sub-Fractional 


P 


Packinge ees 
Plastics Laminated .. 
Production Services 

neering Services) 
Pumps 

Liquid 

Vacuum 


Relays 

Reproduction Equipment 
Reproduction Supplies . 
Rod Ends 

Rubber Parts 


Sealers 75 
Seals 79 
Speed Increasers & Reducers 3» 
Springs 3rd Cover 
Steel 
Alloy 70-71 
Coated ll 
Carbon 70-71 


Thermostats . i 
Tubing 


Seamless 26-27 
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Airborne Accessories Corp 
American Viscose Corp 
Anchor Coupling Co., Inc 
Associated Spring Corp 


32 
35 
29 
3rd Cover 


B/W Controller Corp 
Sarber-Coiman Co 
Biaw-Knox Co. 
Boston Gear Works 


Cleveland Worm & Gear Div 
. Co. 
Crown Gear Div., 

Richardson, inc 


Eaton 

2nd Cover 
Harrington & 
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Duff-Norton Co. 


Faicon Div., 
Corp. 
Fenwal, 


General Thermodynamics 


Inc 


Gast Mfg. Corp. 
Globe Industries, inc 
Great Lakes Stee! Div., 


National Steel 
Corp. 10 


Hamiiton Mfg. Co., 
Program 

Hannifin Co., Div., 
Corp. . 

Hartwell Corp. 

Heim Co. 

Horsburgh & Scott Co 


Market Building 


Parker-Hannifin 


|. B. M. Corp., Data Processing Div 


Johnson Machine Co., Cartyie 


Kaydon Engineering Corp 
Keuffel & Esser Co 


Linear, Inc. 


Miniature Precision Bearings, 
Minnesota Mining & Mfg. Co., 
sives, Coatings & Sealers Div 
Minnesota Rubber Co 
Monsanto Chemical Co., 
Chemicals Div 
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Organic 


New Departure 
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NEW, FREE 


quick reference 
file...a-c and d-c 
small motors, 
tach generators, 
relays... 
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make « accurate but 
omtastons 


Rvery care t 


U. S. Rubber Co., Mechanical Goods 


iv. 
U. S. Testing Co., inc 
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LLOYD R. LAWRENCE advertising sales man- 
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P. F. PRITCHARD manager, 
ment 

THOMAS R. COASH circulation 

RUSSELL T. DOUGLAS business 


market develop- | 


manager 


ADVERTISING SALES STAFF 


ATLANTA 3 Ray K. Burnet, 
Haverty Bldg, Jackson 3-6951 

BOSTON 16 M. A. Williamson 
Graw-Hill Copley Squore, 
2-1160 

CHICAGO 
Manager 
Anderson, 
4-5800 

CLEVELAND 13 
IMuminating Bldg 
1-7000 

DALLAS | John Grant, 901 Vaughn Bidg, 
1712 Commerce St, Riverside 7-5117 

DENVER 2 John W. Patten, Tower Bidg, 
1700 Broadway, Alpine 5-298) 

DETROIT 26 P. B. Robinson, 856 Penobscot 
Bidg, Woodward 2-1793 

HOUSTON 25. Gene Holland, W-724 Prv- 
dential Bldg, Jackson 6-1281 

LOS ANGELES 17 Robert Obenour 
West 6th St, Huntley 2-5450 

NEW YORK 36. B. K. Adams, F. J. Mc 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 6 Penn 
Center Plaza, 

PITTSBURGH 22 
way Center, 


1301 Rhodes- 


Jr., Me 
Bldg Congress 
Mid-Western Adv Sales 

A. —. Meanor; R. W. Bruley, L. 

520 N Michigan Ave, Mohawk 

A. F 
55 Public 


Tischer, 1164 
Sq, Superior 


BARBER 
COLMAN 


Get this hélpful quick reference 
file that illustrates and gives 
typical specifications for the wide 
selection of Barber-Colman small 
motors (to 1/10 hp), relays and 
related components for electronic 
applications. Here you'll find 
many practical solutions to com 
plex control problems 


A-C SHADED-POLE MOTORS 
unidirectional + reversible 
synchronous + geared 


1125 


John B. Lewis, 
Locust 8-4330 
C. F. Leveroni 
Express 1-1314 
PORTLAND 4, ORE Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 
ST LOUIS 8 R. W. Bruley, 3615 Olive St 
Continental Bidg, Jefferson 5-4867 
SAN FRANCISCO 4 W. C. Woolston 
68 Post St, Douglas 2-4600. 


4 Gate 


A-C and O-C TACH 
GENERATORS 


D-C PRECISION MOTORS 


BATTERY -OPERATED 
MOTORS 


SUBSCRIPTIONS. Send subscription corre 
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PRODUCT Sm INEERING, 
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A-C 400-CYCLE MOTORS 
BLOWERS, GEARHEADS 
ULTRA-SENSITIVE RELAYS 


th for 

Subscriptions are 
solicited only from executives, ineers and «oo 
sultants engaged in the des machinery and 
ther engineered products. Position and company 
mnections must be indicated on subscription orders 


FFICERS OF THE + BL -y ATIONS DIVISION: Nelson ~. 
mel ostgent: sher Fr 


ei 
Send for your copy Quick Refer- 
ence File F-9765 
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BARBER-COLMAN COMPANY 


J 1212 Rock Street 
Rockforga, Iilinois 
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Keith @ 
Cooke, Secretary 


ice President 
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Bearing at left has 1.75" bore 
while tandem bearing in main 
illustration has 17.0" bore. Yet both 


are standard, cataloged items 


Over 400 Cataloged Thrust Bearings 


to fit your every need... 


Select from 7 
When you need a thrust bearing, no matter how special, ROLLWAY 


Rollway is ready with the know-how and the precision machinery Standard Types 


to design and produce it for you. designed, tested end 


Our engineers will gladly consult with you regarding any ready for production with 
standard or special-purpose types you need. No cost. No load capacities to 
obligation. Rollway Bearing Co., Inc., Syracuse. N. Y. 4,800,000 pounds 
Ask for Catalog 
Complete line of Radial and Thrust Cylindrical Roller Bearings PT-659. 


® ENGINEERING OFFICES: 
a 0 L L li kK a Syracuse * Boston * Chicago * Detroit * Toronto 


Pittsburgh * Cleveland * Seattle * Houston 


B E A RI N GS Philadelphia * Los Angeles * San Francisco 
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FOR PERSONAL COPIES Sense 
OF ADDITIONAL ' 





. Brochures on Adve: 


Personal Suscript 


PRODUCT DESIGN DATA PRODUCT EN 


- oon cating 


BUSINESS REPLY / 











PRODUCT ENGINEERIN 
330 WEST 492?nd STREET 


NEW YORK 364 








ee ee 


BUSINESS REPLY / 











PRODUCT ENGINEERIN 
330 WEST 42nd STREET 


NEW YORK 36, N 





ADD TO YOUR DESIGN REFERENCE FILE FROM 


ATA 4 © . 


BULI TINS 
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Good electrical conductivity or low electrical resist- 
ance of spring materials must be considered in rela- 
tion to working stresses. When springs must carry 
urrent with a minimum of heating, the copper base 
alloys offer the most logical choice for the spring 
material. But most of these alloys are relatively low 
in strength, and the elastic modulus is low also. 
Since both the strength and modulus affect the de- 
sign, conductivity and stress must be taken into con- 
sideration right at the start. 


This conflict between conductivity and strength may 
be better understood by referring to the bar chart. 
Here, the bars to the right of the vertical line show 
the approximate relative tensile strength while the 
bars to the left indicate relative electrical conduc- 
tivity of commonly used materials. 


Requirements for good conductivity mean generous 
cross sections and low stresses which minimize the 
creep tendency of constantly stressed springs 


A.S.C. research and experience is at your service in 
all fields of spring usage. Write for your copy of 
“Spring Design and Selection — in brief.”’ 


CONDUCTIVITY VS. TENSILE STRENGTH 


MUSIC WIRE ..... 
OIL TEMPERED WIRE . 
PHOSPHOR BRONZE . 
SPRING BRASS... . 


BERYLLIUM COPPER . 


100,000 200,000 300,000 


CONDUCTIVITY ... PER CENT OF COPPER TENSILE STRENGTH . .. POUNDS PER SQUARE INCH 


Associated Spring Corporation iN General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y 
F. N. Manross and Sons Division, Bristol, Conn 
Dunbar Brothers Division, Bristol, Conn 


Wallace Barnes Steel Division, Bristol, Conn 


Raymond Manufacturing Division, Corry, Penna 
Ohio Division, Dayton, Ohio 

Cleveland Sales Office, Cleveland, Ohio 
Chicago Sales Office, Chicago 46, II! 

Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que 


B-G-R Division, Plymouth and Ann Arbor, Mic! 
Gibson Division, Mattoon, Il! 
Milwaukee Division, Milwaukee, Wis 


Seaboard Pacific Division, Gardena, Calif 


Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R 
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The REED catalog gives you ™ & (©) 
QUICK ANSWERS TO TOUGH QUESTIONS 
ABOUT INSTRUMENT BEARINGS 


Should we specify ABEC-7 instead of ABEC-5? What's the recommended 
lubricant: oil or grease? What shaft and housing tolerances shall we use? 


Should extended inner ring bearings be specified for the application? 


Questions like these can fly fast and furious when you're on a 
project. That’s exactly when you need REED’s catalog on instrument bear 
ings. Because, this small but specific reference combines valuable informa 
tion with vital statistics on instrument bearings. There’s no nonsense—just 


facts. Data on load ratings, fits, tolerances, etc. are all easy to find. 


REED specialists are also readily available to help you with 
any bearing problem, large or small. These men are specially trained and 
experienced—fully able to make tiny bearings do big, important jobs. And 


they're located near you, as shown in the box at right. 


INSTRUMENT BEARING COMPANY 


Los ANGELES, CALIFORNIA 








For a copy of the REED Instrument Bear 
9 Catalog—or help with an instrument 
bearing problem—cali or write 





Division of 


okKF. 


INDUSTRIES, INC 
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